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Sir: ■ 

- 

I have the honor to transmit herewith, and to reco- mend 
for publication as Bulletin Ko, of the Series of this Bureau, 
the accompanying manuscript, entitled, M methods of Plant Breeding". 

j This paper was prepared by Yv. 'lays and those assoclat— 

j B i ’ Tl th him in the !im 

work carried on in cooperation mainly between this Bureau and the 
sota Experiment Station, and under cooperative relations with 
the XIorth Dakota, South Dakota, Iowa, and Wisconsin Experiment Sta¬ 
tions. Professor W. M. Hays was leader of this work in'the Minne¬ 
sota. Experiment station, chore the ryn ral sc' of plant creeping 
organisation 'aero outlined v.w> first established. hr-lonaid cooper¬ 
ative relations uith each of the State Stations mentioned are now 
in operation, and there is much progress being made in producing 
for the fa-mers of the Middle West crons with power to yield more 
values per acre. The recommendations of the authors that public 
plant breeding establishments should be organised on a liberal basis 
is most heartily indorsed, ho other line of public expenditure is 
proving more profitable than that of creating varieties of our sta¬ 
ple crops which yield larger net returns for labor and expenditure 
required in their production. 

Re npe ct fully, 


Hon. James Wilson, 


Secretary of Agriculture. 


Chief of Bureau. 
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■ 

and t- e-n 'hri i< 10 vincl tor of this subject no re into 

■ ' ■ -■ 

. 

I' . * ' ' i ' ' ' ' i : . ■ .l 1 ■ ot r 

■ 

Alleloxfiorp'i; 1; '’Jen br.j .in; ; character, charaoi <sr pair; cion; do min 
ant; 51, P2, etc., foundation stock; gamete; homoz/got®; heterozy- 
pots; lav/ of re o ’ sio n; sndelian; mother plant; nutation, theo¬ 


ry; harrow -branding'; network of descent; number names; nursery- 
stock; o , f ill; tion; "Pi, 511, ?a, etc., jh it nr -.e; proficient, 
a; recessive; r.- combination; /select, a; seminal; self “fertilisation 
segregation of* characters; unit character; variety, zygote. 









■ . , i - .at; .- Characters . ich arc not well cuoru laiecl 

with the general makeup of the individual and which vrnlc- 
■ 

Acquir..cd , t. . :.- (a) Characters which arc developed during the 
lifeti.'Vw of the individual, (b) Characters which, hav¬ 
ing been in the experience of one or more recent gctiera- 
ion.;, • ... ■ ■ ' ■ . • -. ; . 

(d-eriouslr under dispute.) 

. 

i fir - t m .ion h rod (hi), . lilo th.v other in re¬ 

cessive and appears in one-fourth of the individuals of 
t O' -'.o-i "• r ti - ■ ' rod ■, . (So r lar / : - pair 

homozygote, and heterozygote.) 

A liogam , or Allogamous v ariet y.- A variety of plants originating 
from a group of selected interfertilizing individuals, 

. . . jetton. 

All "breeds of live stock are allog.uaous. (Suggested "by 
■ 

. taki ; hack, reversion. The 
appearance of characters ( not in the immediate ancestry. 

Autogam , or Autogam ous variety .- A variety originated hy self-pol¬ 
lination from a single plant; as an autogamous heat 
(Minn.No.169) or an autogamous tobacco. (Suggested by 
Mr. C. S. Scofield.) (See allogam and cion.) 

Auto,ram;/ .- Self-fertilization, fecundation of a flower by its own 
pollen. 
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Artificial scif-br *eaing .- Isolating the flowers of open or insect 

a, which do not pollinate their own stig- 
„a«u>, tnc <*rtif icioll,,* pollinating th n with their own 
pollen. 

/ o f . van : , om <.p 1, ing the pollen, usually 

o '.. e. , r-.n if-.-ttr, of a relate: variety. 

. 

{ . go th ovule of nnoth * secies, with such pre¬ 

caution of emasculation, as m-.v he necessary. 

Atavi sm, b • . v _j_ . _ » «.,o bucu . 1 inversion: 

:.-r . reuvic 

'ance of recessive characters. . 

Blood . to y ;d b at^citEt, means tersexc, , or .rsrc .a tar, power; 

as a blooded horse; a full blood,' meaning pedigreed, a 
puro bred. 

e_d.- A recognized group of a species, or of a hybrid between 
c:h. ■: ?o; a division of a species of animals usually of 
economic or artistic interest; the Holstein breed of cat¬ 
tle, the Collie breed of dogs, the Berkshire breed of 
czrlne . Holds the same place' In animal breeding as warle- 
i in d:.. f hr-.- ' •' in f , .. 
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‘Broad breeding .- Allogamous strains and varieties, or breeds, ah 

,■ - 0 . 1 .‘ r “ 

Improved, network of descent. Thun in brooding corn, if 
twenty or more cent getters were grown together annually, 
and from at least ten of the intercrossing rows at least 
twenty plants were selected for mothers the next year, 
the breeding would b® broad. If, on the other hand, only 
■fivr. cantgenera v.'-sr-; grown, and if from each of two or 
three centgenors only five plants were selected for 
mothers of centgeners the next year this would be rather 
narrow breeding. (See narrow breeding.) 

By.- -0 male -parent. (See Out of. 

Centgenor .- Of one birth: (a) The sexual pro gen.; of a self-fertil¬ 
ized plant, as in wheat; (b) of an open pollinated mother 
px v . , . ■ ... { , h . ■ ■ . - - • ' ■ ■" - r - v , : 

of wheat or corn; (d) of a female animal, as a cow; (e) 
of a male animal, as a stallion; (f) the parthenogenetic 
prog ; a L, as m' - 5s; ur vg * tho clonal 

progen:; of plants multiplied by vegetative parts, as the 
apple. 

(The choice of the root word genera is fortunate, of 
the root word centum unfortunate, as the use of the word 
centgener cannot be confined to a hundred, but must mean 
si. n n.1 . , ft or muni , of ii n bir + 1 e; 1 d in 
th certg -r test, ’ it z of plants or miraals, as m&~ 
conveniently be used to test the breeding efficiency 
of a parent in the terms of its progeny. 
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' 

known dimensions, usually in a plant breading nursery on 
vMch the progeny of a given mother plant is grown in 
hills, in drills, or broadcast, that the breeding effici¬ 
ent; of the respective parents aa? be compared, and the 
best chosen. 

Cent# n _r t. comp rison, usually in small plats or rows, of the 

. 

. A* 

are planted In a centgener plat. 

Centger;.-r , clonal .- A test plat where cions of one mother plant are 
. . tg .at. \ 

Cent gen ;r selection. ,- Comparing the fraternity- groups from differ¬ 
ent parents 'so as to determine the efficiency along a 
given line of the blood of the respective parents. 

Gen tg y . • t , a _ • it go pep Projected breading efficiency 

t i i lant from a single seed, to 

. c. 1 . perl o: ix cs, as of yield, height, hardiness, of 
its progeny. 

Character .- U . I iity this .deans 

is color of k es in man; size 

of draft horses; horns or no horns in cattle ; form, as in 
tall and dwarf peas; habit, as in gait of trotting or 
running horses; strength, as in tough horses and horses 

















Character 


Character 

f 


easily tired out; "brilliance, as in bright families and 

dull families'of men; ease of fattening,- as in "beef-bred 

and wild.cattle; milk giving, an in dairy-bred and beef- 

bred cattle; uniformity, as in variation of corn with 

ears at uniform height, and corn with rows of kernels of 

in 

similar fora;, or as cattle all of the same color, or hairs 
all of the same length on the roots of a wheat plant. A 
hereditary character may be the simplest form or other 
minute character of some most minute internal part of a 
cell, on the one hand; or, on the other hand, it may be 
the entire makeup of the individual, or even the group 
character of the fraternity group or strain, of the vari¬ 
ety, breed or race or of the entire species, genus, order 
or. kingdom. 

determine r; character bearer , or facto rThe entities 
which carry unit characters from the father and mother 
cells through the fused chromosomes of the fecundated 
cell. (See Factor, Character determiner, Allelomorph, 
Dominant, Recessive.) 

pair .- Two opposing Kendelian characte -o; that is, two 
characters which.pair off; both not showing in the same 
individual, or but vary rarely, Only the dominant one 
appearing in the first generation hybrid and in three- 
fourths of the second generation hybrids; the recessive 
appearing in one-fourth of the second generation hybrids 
and continuing thereafter to follow !'endel r s law of segre¬ 
gation. 
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Chromosomes The small organs in and a part of the protoplasmic 
mass of the cell-nucleus 

character hearers or character 'id to divide 





Class.- 


into two part*, on 

into one "hivalent* ami the other in th< ’■>%': . ‘ bivalent. 

A group of similar things. Can often he used sjmonoymous- 
ly with strain, family,: variety, is., or to refer to a 
collection, as of plants, otherwise ft at oil in the contest. 


Cion .- A cutting, scion, hud, run-a,., «. y.- . , ■ , hi,, .• •, 

* 

other par j l.y , v-nn. i, >.r nr >g a. 

new plant. (Sea also au'Ogan and aliogam.) 


Clonal variety .- A variety made as equally by using cions from a 
single mother plant. (See Seminal variety.) 


E 

* 


Close bred.- An animal or • . 

to a very narrow line of ■■ mey,u . 

Close breeding, .- Vor narro hr - in*-, li h ' - entry to a 

very few interbreeding individuals. 

Cl ose fertil ised, clo t : oiIt y.- i ' il.i ojl. i of the 

sane floret. (Sec open fertilised.) 

Conjugate .- To join together, as in the union of the tvo sexes. 

Correlation ip hybrids . - Where two c aracters, npt . pc rt at Ip with 

y direct physiological relation, are inherit;-! d y:t:- . p as 

q when grape leaves of a given form and fruit of a given 
flavor go together in th hybrid. 















Co cr - 1 ..c - o;.^ pnrh .- All art n are ; r* I • o 

many for a given purpose, as mouth, teeth, stomach, in¬ 
testines, etc; thus the organs of a cow all woric togetrier 
to utilize rough fodder; while the claws, quica strong 
. s tearing teeth, strong jaws and shorter digestive 
tract of the lion are adapted to procuring and digesting 
flesh. 

Cross breeding .- Uniting two distinct breeds, or varieties. A dis¬ 
tinction between this and hybridizing cannot be strictly 
drawn. (See Hybridization.) 

Crosses , or cross bree ds.- The animals or plants resulting from a 
first cross of distinct breeds or classes of cattle; 
sometimes used for mixtures of blood in other proportions 
as the so-called three-quarter blood cattle produced by 
using pure bred mules of one breed on the half blood fe¬ 
rial e s. (S ee Grades.) 

Crons.- The iroduct of crossing 't- i 1 " • ' ' not no rail 

cally different as to be termed a hybrid. (dr; hybrid.) 

Cryptomeric c haracters (Literally meaning a hidden measure.) 

Characters which are latent or atavic through many gener¬ 
ations but finally appear in the progeny. (See Atavism.) 

Darwinism .- The doctrine that natural selection has caused the im¬ 
provement of species and the production of new species. 

Dioecious .- Species with the male and female organs on different 
plants; as in hemp. (So , Monecious.) 
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■Dominance The quality in a Mendell&n character of a rearing in 
an;.' "riven generation' of a hybrid plant or animal at the 
'cJpcrac of the a.V. •"-v.ative c>...meter which though present 
in the ger.i plan-. 4 s uept f ”0 a-.pearj u ; the latt-r is 

• ) 

Dominant , n*- That one of the charactor pair • rich aocides the ap~ 
pear an co of the firs t generation 'hybrid; and three-fourths 
of* the second generation hybrid, one-third of which, or 
thre> -fo ;.rths of the vriole second generation hybrid, be¬ 
ing pure hoiaezygote. 

s seeds are tod 

> 

' clover, (f 

Centgener test.) 


El mmntary .- Those plants • in o self poll-natu . .species 

which are very: nearly of one type; presumably the progeny 
of • a very strongly mutating plant some yvn rations back. 


> 



Bnvjronmen tal in flue nces- The effect of the surround i -.^r* on the 

individuals of a strain., variety, breed or species ; (b) 

1 

■ ting (*b~) through 

natural selection, or *(b w ) on the internal impulses of 
the living matter to vary in response to conditions. 

There is great dispute as to the effect of environment in 
its operation through heredity, and much r- r -e-rch is 
needed. 
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Evolution 

'/* 

Evolution 

<* 

Evolution 

f Factor.- 


- The doctrine or the theory that species are mutable, 
that is, progressively changeable, and that organic life 
has risen from simple forms to complex forms grouped in 
species, genera, etc. 

artificial .- The rapid changes effected in strains, vari¬ 
eties, breeds or species as secured by man with the aid 
of sci q itific knowledge- and. methods of breeding. 

natural .- The gradual, or in very rare cases the rapid, 
cbvi'go, ns'h.il' pr nreniuvi, - o.tb ikon place au.O'-r 
native species of plants or animals. 

Sometimes used as a general name to designate the sub¬ 
stance or force within the generative cell which carries 
a unit character from parent to progen;/, of which may lie 
dormant in one or more generations to come up as a recess¬ 
ive in a near generation or as an atavic character in a 
remote generation. The potency, the power to survive the 
vicissitudes of complex struggles through long years of 
dormant existence in the mature body and in their gener¬ 
ative cells, and the oftimea unit charact 
these long dormant factors, are constantly illustrating 
that these factors are the forces which control in natur¬ 
al evolution and which must be dealt with as his element¬ 
al forces by the breeder, as the colors are the elemental, 
materials used by the painter. 
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h. ?}■:&; ^ 0n • “ ^6 

: and the 


, •'- >■ r * 0 &11& 


ri' : nu/nts >jrco a new individual which Must pass its pre¬ 
natal p riod and its period of separate existence, The 
oil .1 r','r .1 fertilizes th ovule in >1 .rts, end the 

, - 


4 


fecundity’' 


.- 'fie power of )roi icing yo’vng, of procr ■■.tiny , 
referring to tlx female. The fecundityhof some 
swine is high, tliat is, th females "bring forth. 


usually 
breeds of 

large 


lit to re. 


fertility .- The power to beget young. 

filial gen.rratio n.- The sexually: produced progeny (a) oi a self 

pollinating plant; (b) uf a mother plant open to more or 
less-cross fertilization, v-th wind and insects by the 

polity cl. various olanta; -r (c) of ? mother plant artifi- 

■ 

might refer also (d) to the progeny of a male bred on one 

or more female plants, Uspi also in animals, as (e) the 

pcv?c:v oi t ;o \ mite, or if t - ilifi' (f -w t c "O- 

geny of a given male or female when bred to more than one 

of the opposite sex. Also more'loosely used as meaning 

(g) the hybrid progeny when two varieties, breeds and 
■ 

thus, 3*1 stands for first generation hybrids, F2 for sec¬ 
ond generation hybrids, etc, 3? meaning filial generation'. 
(See fraternity group.) 
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First cross.- Usually use-;, in speaking of use of first blooded rule 
in up grading. Animals, resulting from a pedigreed animal 
bred on grades are called first cross animals or "half- 
blood,” grades. 


Foundation bed.- The especially planted, plat or fiexb from which 

superior individual plants are chosen to be subjected to 
centgener test3. 


'?oundation s tcck .- (a) A c; iei.s, v.*rit , , .-r or even a 

sample of seed of a, giv 

of a breed of animals, brought into the or.; of the brer-d¬ 
ing establishment from which to select individuals far 
centgener testing,, or to serve as a source of b-lood in 
hybridizing or in selective breeding, (b) Xne network 
of descent, the blood, the heredity,• serving as a part of 
whole of the basis used in producing an improved variety 
o r b r . * d. 


Fraternity grou p.- Plants or animals with a common parentage on 

, both sides, or on one side; thus the trees of a variety 
ft ' of apples are all in the same clonal fraternity group; 

the plants in a wheat variety originating from a single 
self pollinating parent plant are in an autogamous fra¬ 
ternity group; the plants resulting from the careful cross 
pollination of two corn plants form a fraternity group 
with a male and a female parent; the plants from an ear 
of corn fertilized by pollen from the sane and many other 
plants form a fraternity group with only one parent in 
common. (See Filial generation.) 
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Pull-blood .- An Jilaal whose blood traces: back to the original 
stock on which the breed was founded, and entitled to 
registration in the herd book of the br<; ; not cross¬ 
bred and not a grade animal. 

A body or "factor" in the generative cell which unites or 
conjugates with another gamete to form a zygote. (See 
Zygote and Homozygote.) 

A collection of related age class of plants or animals. 

Host species will not cross fertilize, though some do in 
nature and others may be artificially induced to cross 
fertilize. In the genus Graminae there are many species 
of grasses, as .y, orchard grass, etc. 

Grades, £.- Product of full blood male on native or grade females, 
as one-half, one-fourth, one-eighth blood, hen stated 
mathematically. Uniting these .e get intermediates be¬ 
tween, as a one-fourth blood bred to a one-eighth blood 
gives a three-sixteenths progeny. 

Grade breeding .- Breeding of full blood sires on native females or 
on the grade product. 

Heredity . L-Iere iit 

qualities of parents to their offspring; the inherent 
forces which project forward from generation t > genera¬ 
tion the characters of living things. 





Garnets.- 




Genus 










eiit heights, nearer to or ..or.- mote 1 rom the stig;i*., 
aci.ieti. ie# increasing- or -decreasing t v: ch nc ! ox n-j-f- 
oollination. 


Tfete rozygote .*• That part of a fertilised ovum, or othe.. - sexual 

generative cell resulting from the union of two hendelian 

• t, ' h . c h co it a in hot - th< d jminant a -1 ' r recess- 

■ 

(Hee gamete, zygote and he 


Homos v go tc .- That -art of a fertilise . ovu. or of .r „ -r,i,al gener¬ 
ative .call .rich carri u char of. .■ hr . i t , suit¬ 
ing from- the union of t-vc m.r.lian garnet which contain 
only one kind of iete cminant; either th ; dominant °:c t:ie 
recessive’. Varieties with one or con homozygotlc charac¬ 
ters are said to "be■ homo’zygotic in relation to those char- 
( •) 

. 

a breed, ox’ a s..r;c.u which is the result oh crossing one 

or more individuals of two different distinct strains, 

■ . - 

pro gen' clearly different from e i the r' parent; or more 

o ypes which re¬ 
sult in the recombination of one or more hen 


of characters. 






Hybridization and Selection .- Making new varieties, breeds, or spe¬ 
cies by mingling the blood of two or more parent stocks, 
and from this hybrid used as a foundation stock choosing 
. r; vcr; best plants to be used as the clonal parent, the 

seminal autogamous parent, or the best erogenous parent's of 

further 

new stocks, thus by selection securing such networks of 
descent as may best serve the desired purpose as pedi¬ 
greed varieties or breeds, 

Hypostosia- .- A cl arac ; 

as when the black pigment prevents.our seeing the red 
pigment also inherited in hair. 

In- and-ln brenting , or Inceatnc-os breeding .- Breeding vary -close 

. . 

double cousins, brother and sinter - very narrow breeding, 
bu 4 not as clo,-•: as i .If fertilization. ('hr- Outcrossing, 
Harrow breading, and Broad breeding.) 

In Bred.- The result of br reeling animals of close kin to each other, 

"f 

very narrowly bred. . 





a 


In Crosses Crossing within the family of the variety or breed; 
rather narrow breeding. 



Inheritance . - T . ; hr a a emission of \r. nt „.l or physical characters . 
(See heredity.) 


Intrauterine Influence Effects on the young during its prenatal 
life. The popular belief in results arising from shocks 
or frights to the dam during pregnancy are not well under- 














stood; at least their importance and frequency arc pre¬ 
sumably very much overrate', and if nay he fairly assumed 
that they have relatively s;i.11 or ic practical imp >rt- 
mcc. 

. 

central idea of which is the development of species, 

‘a, etc, infer 

adapt itself to new conditions. 

Latency V,Tie re a charac 

generative cells, and does not shov , as do most recessives 
in the one-fourth of the second generation hybrids; hut 
shows finally, if at all, .V of :a, :1 or aft r a lapse 
of k number of generation;". (d ; recessive and atavism.) 

Line Breeding .- Breeding rather narrowly as in a family of cattle, 
or in a family of corn, so d 

traces back to a small group of parents; as in breeding 
■ 

'• 1 •; "r , ' ; i ■. . .• 'fy • an - 

breeding. 

Ling oroass s.- Crosses be tv, * m los 1 r-.lat*t in : iv ,als, as of a 

bread of animals. d 

fuss select i on.- Selection of seeds f r ; the Pi 1 . cr from the bin. 

Thus mass selection of rye may be ado the first year by 
grarli p; o.-t < nO planti:pp larg , pli no, non;; kernels; true 
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second year the toast ears may toe chosen and a centgener 
plant - grown froraeach ear and the seeds from the "best cent- 

seed! 

cantg.vn.tr clots can be mixed together, and toy means of 
this ias£ sole . ■ i •. ' . ito; • • v. 1 ct t> 

n r ; superior heads can fcb sn toe chosen 
fur eantgen.r test plots the fourth year; thus alternat¬ 
ing a year of eentgener selection and a year- of mass selec 
t ion. 

ITundclian .- Unit ch.;roct< cs of o. it... irs, vhsn brought to¬ 
gether in hybrid cells follow law of segregation of hy¬ 
brids into dominant and recessive unit characters; the 
dominant only appearing in the first generation hybrid, 
but in the second generation the recessive character ap¬ 
pearing in one-fourth the progeny; discovered toy dragor 
Mendel. 

Men doll an celeste .- Ten.-juseful in the plant breeding nursery. Indi¬ 
vidual plants in hybrid stocks in which Hendeliah charac¬ 
ters are recombined, chosen because in the:: the-: desired 
characters are recombined and because of their general 
individual excellence. 

'■'onaelian h ybrid.- A hybrid, in which one or ,aor characters follow 
Mendel 1 s Ian of dominance and recessivenese; used usually 
t .1 

as a foundation stock from nhieh to secure ’to ndelian se¬ 
lect plants and from among these to secure the proficient 
plants. (See Select (N) and'Proficients.) 
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result in One f '.i .j iomi lani, sho* ii-:, ' t . oV - J " r ' 5 ” 

c, not ulio.ving. 

Mendelian variety .- A variety formed by segregating hybrid plants 

Monobasic varistr .- A n irict based on on of- -]-l uni V -l'i~ 

plving it ' ^ 

the apple i or by means of self fertilized seed, , seninal- 

ly, as in wheat. (Suggested lay hr. 0 . d . dcof ielci.) ( 

eymbasic.) 

Monoecious .~ Sped h 

sam® plant; as wheat or clover with both in tne Rune l' Jl “ 

at, o 

plant. 

Mothe r plant The pa ent of t, ..;rou... of plants, tr r 01 •- 

Centgener plat or even of a variety ol wheat; a mother 

* 

be|t; a mother. ._|p* lj ' rd e -o -■-i . ~ a 

seminal or a clonal motoe 

An infertile cross b . • 

and the ass; or be tv? en other species or dent, and ani- 
ikaIs differing sc widely that the progeny arc infertile. 




y^Tre prod; nt of a , udd l < jang ’ m j -• o:c 

breed, usually the product of a single plant or animal 
which is not only itself individual!: markedly different 
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ion stock but projects this difference, in¬ 
to its progeny, whether self-pollinated or produced oy 
crons .fertilization with the plants or animals of the 
foundation stock, 


Mutation theory The theory that species, varieties or breeds mu¬ 
tate. not alone by imperceptible steps -but also occasion- 

. ' ' K - 
■ springing full-fledged from 1 •" species. (Mad© 

prominent by the researches of ’Prof . tugo de fries.) 




"Tut ant .- 


A plant or animal which (a) is markedly different from 
the species, variety or breed to which it belongs; (b) 


s t.h low to vrojec + is peculiar individuality into 
its progeny; and. if of an open-pollenated epecies/has 
the power either to endure vers/ narrow breeding and thus 
to separately perpetuate the mutating characters-. 


Kative (1) A ild animal originally found in the region; (2) a 
domestic animal, usually a grade rained nearby, as dis¬ 
tinguished from an animal shipped' in for feeding, milk, 
work or for slaughter. 


natural bro ; tin;.- .- Breeding from those which as breed .rs prove to 

he the best, with little regard for'closeness or distance 
of relationship. 


natural insect _ing.-• (a) ' . ' ‘ - • ' 

clover, near together and allowing bass and ot.ner irisscus 
to cross pollinate them; (b) to isolate and use insects 
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under screens to cross 




this vuriet, 


(c) to 


'»fffl 07 ‘“ ".II V-.*■ thr b :;t it 3 ■ h 

cross only therr--thus to t/eurc stock cf 
fro*i rhich to select in making vari sties. 


in.3 .C';. u nay 

hybrid o.sdn 


lTatura.1 select ion ,- Th selective 0 /:ration of e;i; r :.2 conditions 
on an organism; as, v/hnn cold 'wintn.’s eliminate: .'-11 but 

. 

efficient plants sc .. prov 8 peel dll/ efficient in- trans¬ 


mitting to their p '0 err the p ov. • to 
cold winters, then develop!",/ hardier 


s ice eding 

. 


Network of desc/nt.- The wr: of unit char act -ml of 
able Characters., rich, v/he • oven tc.; „ r, 

gives un the species or leaner group of /I n', 
as the breed, ^ari Jt/ or strain. 


undineerm- 
udcQ up the 
rials vhich 
■ or ininal j, 


Hon-Menuelian characters.- Ch..rasters which to a looser 


degree depa 


•t f con th*; Ksndellun’ lav/?-:; or 


or greater 

•..as!, in 


•••hich Vac id el ian /lan of inbvriiarc- is no nixed in 

fest "!* j 1 • nde r stood. 


Hurnber-ffarnes .- Serial numbers : -ivrn "0 s* rv * as n/ic. , lc-iap orarily, 
as in individual plant numbers and nursery stuck numbers 

I a" o • o' / / ' r ... . u: nunber- 

nanes of varieties; or herd book regie tit nu. :b-. rs of ani¬ 
mals. 


Hursery fitcytu br.e i.c .- lursrr brccling of cental crops, 
forage crops, field root crops, fiber crons, etc. 
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pl 

the individual 


The area upon which the "breeding work with 
plants and their irradiate progeny in cent- 


; n.’ plats is carried on. 


Hursery stock .- A group of plants in th< nursery, (a) often the 
propony of a single mother plant, as of wheat or ap.-'-l 
(b) of a, small group of plants, as of corn; or (c) a 
:ro; ■> of hybrid plants resulting from crossinn given va¬ 
rieties of species. 

Ontogeny .- The history of the evolution of individual organisms. 
(See Phylogeny.) 

Open-fertilized , or open pollinated .- A species in which at least a 
part of the stigmas are fertilized by pollen from o‘ - r 
plants, usually aided byithe wind or by insects. (3ee 
Close-fertilized or Self pollinated.) 


O ut -c rosses.- Sometimes used by those breeders of full cloud micais 
who generally bred in line, to designate going out of the 

family for ,n'occasional, dash of blood from another fam¬ 
ily of the name breed. Thus, h.H,Gentry occasionally 

' 

shiren, with an aninal s-cured from a hr -d r v. 10 mas 
• anc Shnr family of Berkshires, Failing to secure 
better progeny from the outcrons than his line breed 
strain, he often chose the alternative of retaining the 
narrowly bred strain with which no outside olood •• an 


tried. 
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' 

Cruiktfianlc bull, or to a f uail.- ev-m let; > U -ta tly — " 
la tod; or n brrn ,i :j *ara of R ed'o Yellow lent corn 

• 

another breeder of this variety, as under -illlams’ meth- 

... . , 6 ............... ( 

In- rlid-In breeding, Harrow breeding and- Hr©c-.d brae ling.) 

; . - 

tion of "by" user, in referring to the male parent. 

Pa rthenogenesis .- reproduction by :da.m of unf . -tiliiif 1 E '.-*.-ds 

or spores, as in rotif ers and polyzoa; /roc c. tier of a 
ns?; ir: ,; iviu - . al fro ; ,• virgin ft. .ale ithoct mt, x vent ion 
of O , a on plant lay 

Pedi greed The lineage record of ojax.als v.\ plants, buppospuly 

bred from select and proficient parents. 


Pedigreed, breeding.- The vorY of creating rev vuiu.. by ooy.ro gating 
the clonal or self po lie mated prog-.n; oi' single o,..rente, 
oi* -rour t c.r ini* ~r .roetdi^ ; indiVid’ .wit > % - ! ot - - ■ : & 

: . . /' y d . : : ■ 

of animals or plants v.ith tp ri r v. li m . 

■A Phvlc. history >f t • - 1 

ties and species. (See Ontogeny.) 









Place 


g f fa c . - Til'. 1 o a: yea . 

region,or nvironmen: 


Iting from ta 
i o anotir . 


ring vrr 1 -1, fr « i one 
The varic !,y often re- 


h* j .. 'la to the ;oco • iifio iu, as the :in- on ■ T um lands 

thickens aril becomes resist .?nt when He changes from an 

■ 

Some time s the place effect seems largely to tu.'w oli.ee 
t 1 3 first generation; in other cases it is cumulative. 
Tests of values per acre in field evo a, based on first 

of t e ■ re l i in tea 

of the second md ndr yurt . ov-.rn when seeds -grown m 


the new placer are used. 


Prepot ime v .- To ;• rove"’ ©f one parent plant or animal .o give to the 
pro pm’; mcr ; of its cnar; .etc " thar cores from the ether 
parent. It is a'-‘plied within the breed, -’Piero Ptencislian 
dominance c n not ha clearly observed, and its relation 
to xch d linance is lot I % 1 rsto d. See Projected 
efficiency, which broadly covers prepotency as well as 
a -vD\n-.r to •-’eject val-’-cs in self pollinated stocks, 
where both parents are one. Prepotency includes more 
than do iinance; it includes the coordination of • endelian 
characters and non- ’ ridelin characters, if there be such 
-in fir wa-1 rounded"' individual-. 


Proficients .- Plants selected becaus; of their individual excell¬ 
ence and. proven by cent gener ox- other tests to hav« also 
high projected efficiency in producing progeny vith high 
ai . value. Thus that wheat plant proven in centgen or 
tests the most proficient in the 10,000 tested is chosen 
■cor the mother of a new variety. 






- 


. rit. 


. 22 ' ;■ ; 22 «cli- ; f fifflenc ;/ , ~ 


The jjov/er of the iridlvidual to 


trrensmit y a 1 ue 3 of* Itn own ejicl. 11 0 ance 0 tore ent o ±ts ^®** 
gsny, Thus, one 1: nt, or animal, ma;, project into it a 

>r c> '0‘ Croat vari .ion I the p&v/^r to produce an occa¬ 
sional individual of great value, while another ,no. have 

of excellence - the tern being: usually used in the second 
oe j> so. (3ee Propfcteney and Prof icients . ) 


Pur? Bred.- (a) uch act ' by stockmen oith the same ;,ia.iing as pedi¬ 
greed, registered, or entitled to registration; (b) some¬ 
times used to mean homoaygoto in reference to a single 
character. 

' Recess ive.- That o m of the ondelian character-pair (* ) which 

sle ?pr> -.luring 'hie.- first gonerat ion hybrid but appears in 

v 

the one-fourth of the second generation hybrid, and is 
present and asleep in another half of the second genera¬ 
tion hybrid; (b) and which may lie dormant for several 
generations when its reappearance is designated as a case 
of atavism or striking back. 


Reciprocal c.a.:s.P,- j cli crossed on . re prod 

The reciprocal crons of the stallion crossed, on the. jen- 

cro ss.es arc similar, the case of the larger!'mule and the 
smaller hinney being very unusual both in aKi vials and in 
plants. 
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Ufa • tJi ft 

desired 

c aracto: 

- Of'. 

of 

these may 

be. ss 

curve in 

f < 

ona 

al 

m tiiods 

of 

6 elec 

tion 

. el 


5sod by 


uf one pair -lay be com¬ 


bi rable char-.ct. of V'n too pairs. By hybridizing the 
hybrid having the newly combined, characters with & third 
variety or - soeciss haying another desires, character} eciat 
■; _> . ; - i, ■ b • . v . - ’ '' " in ti at 'O- ■by ci 1 .C" 

tion be f'ixew an a third hoaozygotc character. 

Registered. - Re cor . ? • <i a 1 -rd be jk or r-ggiotration boo:, as of a 

breed of live e16ck, or a varied: of corn. (Soo regis¬ 
tration of corn, p...) 


Re version .- The recurrence of a character which has long been re- 

v cenfiive. (Hem At avion.) 

ing oot c."d discarding undesirable forms from a variety; 

lin 1 tn 

for long fiber. 

Scrub .- An inferior animal or plant of unirnov.oa, usually mixed, 
breeding.. 

jj i * ion, i bnc .li jv. • X . trr hybrio reproductive cell each gamete 

' . f : . 

of the’ first gvu-.--.ration hybrid a© in two parts. Some 
dominant coucruiharits unite with dominants making dominant 
homo zygotes; and pome recessive determinants unit® with 
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r,. c «ij r.» x * • . . md f 0 ".i r > • 3 i > i v£ 

t ) . ’ ' ' it s '■ th r 

i a h * r. a o,.;;':;;-': .: . -'ine . ' ' ■ 


,oi;ig.... got b ; anc sow, loran- 
c i d .t ,rr.i fo ra¬ 
il wo classes of determinants 


nuiiibe 7 *, in ike production of first generation hyb ! .*ids, 
and each has an equal chanct to unite with determinants 


L 


oth • c .. . 0 - 


ter of its pair, there results a half which are mixed or 
heterozygote, and a half which are unmixed or honozygote. 
Of the homozygotes half are dominants and half recessives. 
fhue of the second .onoration ifehdclian hybrids one-fourth 
■ .. . , t raw. :• w. , ... an -half are 


h-hrid cr lioteroz;. ,-otc .it'- t' ,-.x 'v■. . . • ■, 


Selection ,- (a) Determining th . best foundation stocks from the 

blood of which to segregate the best network of descent; 


(b) securing from the variety, breed or species or from 
the hybrid stock those plaits or animals with the most 

ual . t • 


, ■ . ' 
ing among many selects those occasional plants with high 



projected breeding efficiency along the desired line, 
her- called ~ ref h ierttr; (i) iy vari.it; field tests d.-. ter¬ 
mini , the rel tiv value o of clonal an:.' se.nin.,1 varieties 
produced often by nursery selection, and of seminal or 
Jlonal v teti select 





Belsets 


;i:. j oct plmito , - Plants 
-Jh x view (l) 
of ouch ..a a, cmf,a.vi 


lob ’luVu f,n u . c..f oi 

to using the a ucs oh clonal. Parts 
r v.ur' plat, or (.3) to merging them 


■ using tlia merged seeds as 
the origan .1 van at;.-". 


T),.uiir; of a strain of 


Self ed , of B’ hLit fS;.i. : 


as If pollenaoion, hich £c 


Self-hartilluation.- The fertilisation of the ovule with pollen 


from the our, ,3 plant, from another floret on. the same 
plant, or from a floret on a plant of the same clonal 
variet;. . (S : '.'elf pollination, also Open-fertilisation.) 


Se -"'oil oat ^ Per tills a . h pollen of the sane , eminai plant. 

Stoc ks.- Tits identical scads or plants and their ds.scenaantn, un *’ 
changed by selection or hybridizing, which catr; from a 
definite lino of breeding, or which was receive^ as an. 
invoice from the outside. I Boe nursery stoci: and inunda¬ 
tion stock.) 


Species .- /■ group of. Interbreed:,ng plants or animals ' hich stands 

out rather clearly in one or more characters from related 
op.ici ,c. 3 , enuo. lief is a group of 'til tov species; 

firio’.y ami hr;.,:;d, which 3,re divirions of a species. 

Sterility .- The inability to beget young. The mule is a sterile 
hybrid, bistaiae and advanced age cause sterility . 



















train.- 


a f a v, ri.. ty , \>i null., us* d r - foraa ~vi or 

' 

word 'X -t; being adopted ian a new stock was piw .,n 

■ ; s and 1 a 5 ea d ■••• ' . ' ■ 

distr b ted. Use of v/cr-t nursery stock, as nursery rack 
ii.G.jIo.2; etc., often u.t /ids necessity of use of 
this indefinite tern. ’rowers are th.ua rurel.;,- asked to 
n:; or understaco. any otn word than variety, vm .cn. if 
quite sufficient in co merer. (the variety ana suovarie- 
t, .)’ 


v: ir.al y,,w. A variety pro-. 0 cad by seeds. (Gee Clonal variety) 


flporfcSew natation. 


Sub-Vaxi 


t A lives i n of ... variety. ’ ore confusing than us cl ul 
in cow.srce, /he.r- the word variety,, especially isaccom- 

t proper nar.e nunber- lar.e, ir quite 

eutxioi rut. n y stock rmb.:r b are :aucn. nor-.* definite 
in --'T ‘ re 0 xrds . 


Symbasic .- A variety based on a smaller or larger group of select 

interbreeding parent plants. Varieties of open pollinat- 

■ 

' 

®d soocies of plants and brei-iw. of animals are thus .sym.- 

( mob as i . 

Taking back . - S e : At a " L . 
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crossing breeds, ar 'of cattle; nnd To, '‘i'-tion , as of corn, 

- f iven brood on the herd. 


sually of economic or 

artistic interest. This life the wOrtl freed in animals, 

sri t the sy a t ei i of 

■ 

i 

ty and strain can he used in a gen eral way , often exprer fl¬ 
ing relationship to the parent variety and serving to 
avoid tautological use of the word variety . - (8 
variety and Strain.). 


Variety crosses,, or Vari ety hybrids .- Crosses or hyl 

?ar:y/t'i.y or su.h-v, . . t. ' ■ r'i-'n 

used synonymously, and a sharp and fast definition between 
them can not he made. (See hybrid.) 


Variation Change« in the net'vorh of descent of a species or looser 
division of plants or animals, which manifest themselves 

/ 

in differences which appear in to.e individuals and groups 
of individu Is lading up the roecies, variety or breed. 

. Natur ly. n 

produce or segregate variations much more rabidly than 
would occur in nature, 













V^riettot T)|ic '3 hlch acl c. . ' - ''cue, CJ - ■ ; J ■ ■- 1 ' 

■ ■ .et , cniivi:l..c. 1, v ■ , > h : 

■ . v'l „ J 1 ... ■ h„ 1 C 0 :.* Cl 10 t ■ i'Oi ..." •■T -'-.1 JOhh 

' . t . Men ■ ■ 'l-i.Oil 

i:-; full tranai ,i,tt id is ah.toe -i Citation. s ctrl o tioua 
lilch arc cot transmit ''.el e.re cull flue he ..ting Vr.:ua- 
t ions . 

' 

Vefret tiv f " --i->j .vet ion. - Tbs :iul t i p 1 i catior- o;? a serinal oil b,' 

tu} r ho ts, 

clonal part*- of the -* ; r >”t plant. 

Prone fertilization ,-- fecundation of t .e oyu3.cs of a 
a fr Lower of species, 

o r an o th er plant. 


Zy&Q . - A body result in,; fro;;., the coalescence of tue £zmt .•' eo 
(Bee Garret e , ITomosyro t e and : ett rozygo t e.) 












S elec ted Stock , Stock of plants under improve ent lay 

selection, 

Placard 8 , Plant a or stocks discarded during selections. 
Selects . Individual plants ceossn in nursery trials. 
Baeerved Animals. Aniw la in circuit breeding tfh .* ch are 
designated as eligible for use in breeding in tie cooperative cir¬ 
cuit . 

Circuit Pg- :tg re e. Th* combined lineage and 'sr'ojr. mes 
record pedigree snowing the individual and genetic values of a cir¬ 
cuit animal. 

Be ser v ed Bursary stocks . Seeds or clonal stocks from 
notPer plants whose progeny have proven swong those worthy of fur¬ 


ther trial 
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7.20Al 


INTRODUCTION . 

The leading purposes of this Bulletin are: To make clear 
the very large profits accruing to t e public from intelligent and 
comprehensive efforts to improve our staple varieties of cro s by 
breeding; to give the general features of a plan under which public 
and private plant-breeding establishments may be organised; to dis¬ 
cuss methods of breeding field cro..a; to discuss the distribution 
of pedigreed seeds; to give something of the technique of breeding 
a number of types of crops; and to give emphasis to the need of 
further research that methods of breeding plants now in vogue may 
be improved upon. 

The work on which this bulletin is based was organised by 
W. M. lays at the Minnesota Experiment Station in 13-BO and at the 
Berth Dakota Ejcoerl ent Station in 1392, and subsequently under his 
leadership, when again in the employ of the Minnesota Experiment 
Station 189? to 1904, inclusive. These two stations and the State 
experiment stations of South Dakota, Iowa, and Wisconsin were 
brought into cooperation with the Bureau of Plant Industry of the 
United States Department of Agriculture. During the last several 
years the cooperation between the Bureau and the respective State 
experiment stations has been direct. The copy, mostly written by 
the senior author, has been carefully vised not only by the other 
authors, but by numerous other experts in plant breeding. 

A chapter is devoted to the general plans and theories of 
practical breeding, and in the last part of the bulletin these plans 
and principles are applied in a practical way in statements of 
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methods suggested respectively for breeding twenty- different 

crops. These suggestions largely follow the practices long in use 
In the breeding operations at the Minnesota Experiment Station, 
with, modifications drawn from many sources. This plant-breeding 
enterprise vatich began as an adjunct to a project to study animal 
breeding and to produce improved breeds twenty years ago, followed 
the philosophy of the animal breeders rather than the philosophy of 
the plant breeders. Since that tine much has transpired to show 
that plant and animal breeders need the sane philosophy; and that 
there is little more difference between plant and animal breeding 
than between breeding some species of plants or than between breed¬ 
ing some species of animals. It is manifest that those who dostre 
to project plans for animal breeding commensurate with the problem 
have much reason to study the breeding of plants, wh-sr-: the use of 
Immense numbers and many formal investigators of heredity are devel¬ 
oping and emphasizing leading facts which the animal breeder as 
wall as the plant breeder must respect. And the breeders of animals 
and those who are making investigations in animal breeding are con¬ 
stantly developing facts of importance to breeders of plants. 

the term centgener, devised to crystallise the idea of 
measuring the breeding power of the parent in the terras of the aver¬ 
age values of a group of its progeny, has helped to introduce the 
more scientific use of records of performance in breeding many 
classes of plants and animals originally used in the breeding of 
trotting horses and dairy cattle. Be cording the merit of individuals, 
testing the cent gen «r or genetic powers of selected Barents, along 
with the study and practice of Wendclisn, have now become the basic 


J- 
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factors of a dent if ic breeding of plants, animals and non. These 
investigations haul something to do with reducing the practice of 
creative breeding to a scientific basis, 

PROJECT!] GB-iMHG OUT Of T ID'/Mof 1 GATIO' -T> . 

The theoretical investigations .nd the practical experi¬ 
ence in the breeding of twenty- species of field crops have 

led, to numerous other plant-breeding projects, and these investiga¬ 
tions of plant a, having been began in part to gain a broad know¬ 
ledge of heredity, of breed end variety formation, and of growing 
and distributing of pedigreed breeds and varieties are to be given 
part credit for the bringing together in the American 'breeders* 
Association of the plant sen and the animal sen, both the practical 
breeders and the scientists interested in the study of heredity. 

In part to these investigat ions were also due the formation of t' e 
so-called *0 rcait* plan of animal breeding, under which the Minne¬ 
sota and North Dakota 2xperia.ent Stations in cooperation with the. 
United States Department of Agriculture, have on t red upon projects 
to originate a strain of “Minnesota Milking Shorthorns" and a strain 
of “Borth Dakota Holstsins", UAher similar projects are under ad¬ 
visement, especially one for breeding a race of swine adapted to 
northern conditions, more resistant to disease, with higher fecund¬ 
ity, with a larger percentage of lean meat, greater economy in 
feeding,and earlier in maturing. 

Distinctive features In this bulletin are: (a) Methods 
of naming and numbering varieties, nursery stocks, and individual 
plants; (b) methods of record keeping in nursery and field variety 
testing, in hybridizing and in theoretical investigations cf herod- 







ity; (c) methods of nursery "breading coupled with the practical 
methods of testing varieties » and (d) methods of distributing sew 
varieties of field' crops. 

Bxnsrionosd breeders of wheat, corn, cotton, flax, and 

that 

other ©rocs have abundant proof /by breeding tr~. ,x even twenty-five 
percent mac-' be added to the value of our field ©r© s with a relat¬ 
ively mull expenditure. The r-s suits of work done wider ol;-nt-breed¬ 
ing establishmenta supported by public funds la nearly all net pro¬ 
fit to the people. And if this bulletin aids in emphasising to 
legislators, and to others Interested In promoting agriculture, the 
economic value of this work, &nd in making clearer the way of the 
technician, whether private or working under public auspices, who 
would add to the breading power of our seeds and plants, the pur¬ 
pose of the authors \?ill be achieved. 

T m tfL.-.fYdr^h CLASSS3 0| VJJtiVM . 

Several classes of plants must be dealt with ip breeding, 
(a) Clonal varieties, reproduced from buds, cuttings, grafts, or 
tillers, present the simplest problem. In cases of the species, 
varieties of which c m be thus propagated from single mother plants, 
the heredity of the entire new variety is determined in the fecun¬ 
dation of the seed of the exceptional parent chosen to become the 
clonal mother of a new variety. Tie variety is simply the original 
seedling plant cut into pieces and each piece grown into a plant, 
or grafted on another plant, linking the rare plant into a new va¬ 
riety is here a comparatively easy matter. Thus each a pie, potato, 

and strawberry variety springs from a single seed. The apple tree 
of rare value is divided into cuttings, each of which is grafted 
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upon a piece of rout and becomes a clonal tree, or is grafted on a 
limb and becomes a clonal part of a tree. The potatoes of the 
; arent seedling plant are i.ere branches of underground stews, not 
seeds; and, v«• ten planted, each tuber or piece of tuber produces a 
clonal plant. The runners of the parent seedling strawberry send 
down route from their joints, and as the stems which cQnmot the 
new growth with the old die the new growth becoa.es a separate clonal 
plant. 

(b) In self-pollinated varieties, where the stigma is 
fertilised by pollen from the same floret, or at least from the 
same mother plant, as in barle or wheat, the problem of selection 
is likewise simple, here the breeder multiplies the uraalxed blood 
of the rare mother plant found to have exceptional projected breed¬ 
ing efficiency or power to produce its kind along a desired line. 
There is no danger of outside pollen swamping the now variety, as 

a new variety say be swamped in open fertilised species of plants, 
or as a new type of animals is swamped by admixture of ita blood 
with that of the common animals of the breed or species. Than many 
new varieties of wheat, barley, and other self-pollinated species 
have been made, each fro;" a single mother plant. In these varieties 
the blood of the plant with rare value is sought out by so testing 
as to compare the average values of the progeny of many, multiply¬ 
ing for general use the blood of any superior mother plant which 
proves of special value. 

(c) Open-pollinated varieties require more care. In 
■this case a variety can not usually be made from a single mother 
plant, the network of descent in the specie® is not accustomed to 






self-pollination. Only ia many of these sp-aoies, it is be- 

iiinrtd, is tu-sre a plant with tie ability to so endure self-poll in- 

. to sa a variety from a aJ th- 

«r plant. Ties seeds of those plants, or ©pen-pollinated species, 
which allow such exceptional individual excellence as to be chosen 
r aether plants are usually orosa-pollinatel with many neighbor¬ 
ing plants. This Makes a trial of the breeding value of plants re¬ 
sulting from these cross-bred seeds, by growing their progeny in 
comparative teste, only a partial teat of the values of the respect¬ 
ive Mothers, bicau-o at least part of the florets were fertilise-.: 
'with pollen from plants other than the mother plant. And '..Pile the 
progeny are growing in centgen r tests their flowers in turn are 
usually cross-pollinated. This often Eli Ocas it necessary to keep 
some of the seeds of the original mother 

as little outside blood as may be are available to use in multiply¬ 
ing the blood of mother plants whose excellent progeny show thorn to 
have unusual power to-.project their values into their progeny. But 
even when one finds the plant in which rare individual excellence 
and rare power to project its efficiency into its nrog. ny are com¬ 
bined, its blood can not be multiplied without either often violat¬ 
ing its nature by being self-pollinated, or again allowing the 
plants to be cross-pollinated with pollen from oth r plants. Breed¬ 
ers are learning how to control the mating so that only goo; plants 
of superior breeding, as of com, which has its male and female 
flowers on separate parts of the plant, or hemp which has its male 
and female flowers on separate plants, serve aa sales to produce 
the pollen. Abundant proof is at hand "that even under the existing 
difficulties the valuable blood of the individual com plant with 





rare breeding value c**n be segregated and .Tide into .m improved pure¬ 


bred variety. 

of 

Tli- jayoriencss ivore t'wn tvcnty-fcsvo years have center*!, 
metuoda about pl,ojs for fi ding tie (l) rare clonal nether, (2} of 
fi Jding tha rare self-pollinate l mot mr; (->} of finding the rare 
o>. m-pollinutei group of parent plants with poo ?r to endure rather 
broad inbreeding, or with the necessary prepotency to overcome 
blood necessarily injected from other plantsi (4; of finding the 
group of rare open-pollinated authors whose blood for :» i\ : .fixture, 
a network of descent, Thief when ail iplied into a variety is a 
subnt mti ft improvement over the ol variety, and (5) of fi -ding 
the group of rare male and female pi eita in dioecious species, mat* 
arid female flowers on separate plants; in cither case the plant or 
hip of pi mta with high breeding efficiency Whose blood 
form an improved variety. 


With a view to brevity and clearness the following nomen¬ 
clative hr.n b-r -ri us throvyho t t'-iu bulletin: 

foundation stock .- Any subvariety, or variety, or species 
from which superior plants are chosen as mothers of centgen trs, or 
as the parents to use in hybridising two stocks. 

hybrid The product of the union of varieties or species; 
the plants of the hybrid group usually varying too greatly to be 
called a variety, rather to be considered a varying mixture of 


blood from which nev, varieties may be selected and segregated. 

hybrid variety The restricted group selected oat of a 


hybrid, the somewhat narrowly bred network of descent of which has 

cultural value. 











la Han . • ;roup of plants in mass .network of 

descent two or more lien deli an characters from different foundation 
stocks are formally recombined as pure homosygotea. 

Helmeta .- Plants chosen from the foundation subvariety, 
variety or species because of individual excellence. 

Hybrid selects .- Plants selected for their individual ex¬ 
cellence from hybrid stocks. 

I.'cndellan selects. - hybrid plants selected for their indi¬ 
vidual excellence which in two or more unit characters have pure 
homosygotes. 

hr,.ficic.r -. . Plants, ' 

tests have shown them to have high projected efficiency or brooding 
power. 

c/brii proficients .- Hybrid plants Whose progeny have 
nadtj high projected proficiency records in centgenar tests. 

hendelian proficients .- Hybrid plants of the second or 
later generations in the progeny of which two or more pure -'endelian 
characters are recombined, and whose centgenor efficiency ia also 
especially high. 

HOME Gii-hEAL ?ACTS CObCERSISO HEREDITY . 

The following statement gives some of the general facts 
on which are based the discussions in this bulletin. 

In each species or variety the cum of inherited character¬ 
istics ia woven into a nearly stable but most variegated "network 
of descent", using that term as suggested by Cook. 

The individual plants have in their living substance this 
something known as heredity which, projected forward through the 
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generative ceil fros_ parent to progeny, sometimes in mathematical 
proportion but with varying impulses, gives character . to the .Indi¬ 
vidual plant.-i, and endows each with both a different individual 
value and a different power in ita turn to project into ita progeny 
leaser or greater values. A slightly diffwrc.it foro is assumed by 
each individual, that is, heredity expresses itself differently by 
building a slightly different individual; but the important fact in 
creative breeding is that there arts rare cases in '*£iich this differ¬ 
ence is isariced* 

Sven sore noteworthy is the fact that among these unusual 
individuals i lere iu on occasional one in which the new foaa or 
other character or group of characters mysteriously gains a strong 
hereditary status and ia powerfully projected forward into its pro¬ 
geny* giving this plant or animal unusual potency as a parent of-a 
new variety or breed. 

In species propagated by cuttings this heredity is direct¬ 
ly multiplied auexually without material variation through sexual 
reproduction, and .ithout adulteration by sexual admixture with the 
blood of other plants. 

In a self-pollinated species, the progeny of the plant 
with superior breeding value, if segregated and sominally multi¬ 
plied, also forms a new strain, a new variety, or even a new spe¬ 
cies, without sexual adulteration by other blood. 

In open-pollinated species m occasional individual su¬ 
perior both In its individuality and in its ability to project its 
efficiency into its progeny is also prepotent over the blood with 
which it is in competition when crossed with other individuals, and 
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around the i-vlividu&l plant, and around the ceutgen-.-r plat -hied In 
the progeny of a single :jother plant, here a part of Ida centgo ;.er 
plats have bean harvor.ied, the bundle» wrapped with cui ton to pre- 
ire-it 1 ouB fro i birds, .*rai tied tc etascee to hold thars erect. 




i~>, therefore, very useful in furling an improved variety. 

In tin open-fertilised species which will endure self- 
breeding., the bleed of a single plant with powerful heredity can be 
segregated -:md thus the newly created .characters kept para* 

In an open-fertilised s^ecisL which will not endure self- 
breeding the new pattern aiusi indeed be powerfully projected else 
the old and stable patterns of the species with which its blood 
laingles in the network of descent will sv/aap it and not allow it to 
b« z&gpcgi :id an u ue. strain. 

In an open-fertilised species where continuous. self-fer¬ 
tilisation or very narrov. line breeding art; not pownible, it is 
neceusaxi to ma ke the useful new variety op scouring a blend of the 
uaraiity of a group of individuals which breed et.ro gly in a given 
desired line, and which when&bred together form a network -of descent 
which will have high value. 

The greatest „u*ucl„c.,l lu*« of creative br<-w-~ng x«: Only? 
one in many, ev si in thousands of tens of thousands, of a given 
species or variety is exceptional in its power alone or associated 

imr individuals to serve as a progenitor of a 
valuable n«v strain.• 

OSOASXZATIOH OP PlAUf-BBEEBISG 2fiTABLlSIOBSuTS. 

In the ./ear 1808, when the work herein reported was broad¬ 
ened by bringing into cooperation the experiment stations of north 
Dakota, South Dakota, Iowa, and Wisconsin under the general cooper¬ 
ative auspices of the Bureau of Plant Industry of the United States 
Department of Agriculture, Professor ¥. M. Hayc was delegated by 
the Department to have & general supervision of this cooperative 


work 
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Since 19Q& Frufesaor Andrew Doss, assisted by essrs.Bull, 

Parker, and others, has had c ;urge at the Minnesota station. Dean 
J. ;I. Hheppsri, of the Dorth Dakota station i Professor B. •-« ohii- 
cott, Professor B. C. Sauna era. Professor h. A. Iheeler of the 
South Dakota Station; Professor P. 0. holder* and Professor L. C. 
Burnett of the Iowa Station, avid 'Professor "W. A. oore of the ¥is- 
eonsin Station, ware in i. ..mediate c «rge of the cooperative work in 
their respective States, The expense was shared by t n "’ational 
Department and State stations. The following names field crons 
were brought under these effort a: Alfalfa, barley, navy bean**., soy¬ 
beans, stock bento, sugar beets, broinua, alslke clover, red clover, 
white clover, corn, flax, hasp, millet, oats, field v>ea«, cowoeas, 
r^e, sorghum, timothy and wheat; and methods firm suggested for 
breeding a few other plants. 

The author® realise clearly that the intricate work of 
improving our staple crops by breeding can not here be stated in 
anything but a tentative way. Progress during recent years has 
bean so rapid that improvement may be expected which will radically 
change many of the plans now in use_ On the other hand, many of 
the suggestions made as to the organisation of plant-breeding es¬ 
tablishments, the manner of arranging land into fields and plats to 
be used in plant breeding, methods of numbering.varieties and nurs¬ 
ery stocks, mid methods of distributing improved varieties of plants 
as here outlined, having for the most part been tried and found 
practical in actual experience, it is hoped will prove not only 
suggestive, but in many cases permanently useful. There is great 
need that those who have ability to devise improved method® of 




m 

breeding eup great staple croaa ahouM contribute to the literature 
of the theoretical and business sides of this question, that the 
beet plans now in vogue may be widely taiosu and put to the test, 
that they may be rapidly improved. 

PB0GHBB5 111 . COUP-hATI/i hiten >i <d 01 fl-eBJ) CHOPS . 

The progress of the work carried on by the several co¬ 
operating institutions has been very satisfactory. In a number of 
species effective nethods have been devised and important results 
secured in the form of new varieties. Bone of these new varieties, 
proving to give increased yields >er acre, have already been dis¬ 
tributed to farmers and now cover millions of acres and are adding 
annually tens of millions of dollars to the value of the croos of 
the Kiddle northwest. In other species the development of methods 
has required a longer time and no new varieties /save been distribut¬ 
ed# In all species, however, worm is now in progress under methods 
which assure improved varieties. The general plan has become more 
comprehensive from year to year; some new facte and principles have 
been established; many technical methods have been devised; numerous 
•j&cain&u and devices have been Invented; and a comprehensive system 
of pedigree plant breeding records :uve been developed, highly ef¬ 
ficient plans of rapidly disseminating improved varieties, whether 
acquired fro . v»it‘no*>.r the State, or newly bred, ire boxng ru-.-idly 
evolved. ;iany facts and methods have accrued vhich are recognised 
aa widely useful. Most important of all are plana of organising in 
each State one or more plant breeding establishments adapted to at¬ 
tacking the problem in an adequate way, warranted by the millions 
of dollars worth of increased crc ' products at stake. That results 
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in hundred® of millions of dollars north of additional crop yield* 
in the United States can he thus secured wxth a relatively sau.il 
expenditure ia a damanstrated fact, fiiene invea t igationui nave <i«- 
aonstraco-i the practicability of the federal 

coo;crating with individual farmers and associations of growers, 
and thus, ar comparatively ©sail public expense, directing the 
breeding along scientific and practical lines. State plant-breeding 
establishments, in which the work is encouraged and glided in a gen¬ 
eral way by the United States Department of AgrJ cult are, prosaic e to 
aid greatly in solving the question of varieties with power to yield 
more net value oer plant and per acre. A public ermenditure equal 
to oue-fifth of the added crops would be Justifiable. Ho far the 
indications >-r* that #1 of public none,* can thn« be made to return 
$10, to #1,00-.).; or on an average probably $50. to $100. from each 
dollar of public expenditure. 




¥ABxyrxi<& 

. 

Ksw varieties of th*» atvnle fjold crops are r acidly con¬ 
ing forward from this work, and fron the gen ral work of plant 
introduction, in which the stations nr* exonerating with the United 
State® Dei* rt 1 ?nt of Agriculture. 

In connection with the detailed . cthode of breeding 
twenty- crops given in the last part of the bulletin are 

shown the result a of some of the varieties introduced or originated 
and distributed during the past several gears from several eicpsri- 
laeni stations or from the United States Department of Agriculture* 

As will be seen, numerous new varieties which are now in the lead 
in the competition to bead the list for distribution have sprung 
from tne nurser, breeding. ^special attention is called to numerao* 
selected <*ai hybrid wheats; ;.aw oats bred by selection; new flax 
varieties brad oy selection alone; md ns,: selected barleys. 

:«any newly originated and newly introduced varieties at 
the respective state experiment stations are under trial, a goodly 
number of which promise to win the right to be distributed to grow¬ 
ers; sines under field teats at the stations they have given assur¬ 
ance that they will greatly increase the yields of the farms of the 
region to which they are adapted, he cords of the more pronounced 
results at the several stations are given in trio latter part of 
this bulletin under the respective field crops. The evidence thare 
ia abundant as a basis for the belief that twenty-five percent can 
be added to the yields in value per acre of o.;r loading crons; and 
abundant also for the business assurance that ten percent can be 
added early and at a coat so low n,n not to- form a material it ©a' 






In view of the fact tn,,,i this country, and t ’« «orld, s« ..a to have 
entered upon a permanent period of hig - prices fox* food, plant and 
animal improvement b brooding becomes one of the .oral 1 ' m&Bt 
vital ? * 0 bis:a;. 


Died* several plant-breeding establishments nave also 
aided in introducing mainly from other countries lanshury barley, 
its better yielding relative dandacheari bar ley, m& Oderbracker 
barley, broiu: grass, Grim alfalfa, ’unw vihecai, Sire ?i;»h oats, and 
nuaeroua other vorietiea into the agriculture of the northwest. 

The results already scoured give a basis for the hope 


that through plant transfer and breading thus cooperatively organ¬ 
ised all field crops can be < aide to yield increased values, and 
that the necessary changes in the bare©ding powrr.r of tho crop o not? in 
use can be a ads at a ntrely nominal cost as compared with the in** 
creased values. In the statements ade in ths latter part of this 
bulletin regarding the methods of breeding each of the twenty- 
crops, the attempt is .ade to illustrate in detail how tie facts 
learned and the methods devised are used in the practical work of 
improving ths species there discussed. A few species nut bred by 
the authors are included to aid in suggesting more broadly to the 
student and breeder how to devise plans for breeding the many spe¬ 
cies needing improvement. 


x a -a,,p;p hr . :p r_ j p, y \ . 

That the nearly five oillion dollars' worth of plant pro¬ 
ducts annually grown, in ths United States can be increased ten per 
cant by breeding is net seriously doubted orj those best able to 

judge. The addition of ten or more billion dollars* worth of pro- 









every ivant, ye ;** > by i’ us ro-. pusti iy bx xoredxx. >r; oe idsn— 
ciaa ay our cro ; .« at .* . .u re 1.. 1 no..in..l coat ~n uu ...mporu.,.r: us the 
Cev*.lo 'meat xf eleOtr_Cw.l .at w;.- xid -pli. xicea, ox’ as trie perfeo- 
iien of u t»,.•*; >f pu jXio af: iw<^ya, or <* j oar onc_x’c fox’cxgn c-_n— 
merae. if, xx x.: beX-wvea, our plu-t forces can have their hered¬ 
ity su improved that pi. expended in breed! .-ig creates yl,0ab., v ub*o, 
ox' even 4 -io ., it is certainly a good bus x tie a a proposition rapidly 
and freely to develop the breeding projects* in -iuch public and 
private agencies must eoopsx'ute. She evidence shows that till a 
proposition is opening up in a new forsx that c m not be ignored. 

Out country is destined to sec breeding projects develop , as U has 
seen . :ec2aanical progress grow. Heredity in Our plants la as so tent 
an economic factor as ax*e mechanical force?* and is worthy of as 
serious efforts to develop it. 

Table 1 shows the averaged yields per acre in the United 


States of corn, wheat, oata, barley, rye, fjascaa©i and potatoes far 
1391 to 1996, inclusive, ua given by the United States Peparbnent 
of Agriculture. In the right hand coluxvi ar. figures for the cro s 
axle higher to show how modest they seem even when ten percent is 
added to each crop.. That these averages can be attained by breed¬ 
ing alone no one acquainted with the results from breeding: can 


doubt. 


Table 2 gives the estimated increased returns from breed¬ 
ing the leading field crops and domestic animals in the United 
States assuming that ten percent can be added i and 

Table 3 shows the estimated Increased returns in Minne¬ 


sota. 







Table 1 


Ten-year averages yield a per acre in the United 


Utate.i of seven leading field eru 
auded. 


mid yields with ten percent 


drops.: 

Average 

yield, 

1899-1908. 

m 

* 

: Increased 

:10 percent. 

* * 

# • 

; Crop *: 

♦ ♦ 

m * 

* *- 

* « 

Average : 

/ a w *iu |. * 

1099-I90S.; 

* 

Increased 

10 percent. 


. Bushels. 

Bushels. 


Bushels, 


C 

*i» 0 U 

28.4 

Bye 

la«cl 

17.4 

wneat 

15 *S 

lo.£ 

Flaxseed 

a 9 * 5 

10. o 

data 

29.4 

82.5 

Potatoes 

<19 #6 

98.6 

Barley 

28 . 3 

28.4 






at Average 

for seven years. 











TAHE.B PBOBABT,! I"CHBASE3 BXTUST'S JROK lRSmi:;0 
jj'IB-uO GaUPU AH 9 uO jK»XC AS-UALii iH Tui 

roiimo st atm. 


Crops. 


Value, 1907. 


Increase on 
Account of 
Innroved 
Breeding. 


CO7^ ***•*• • ••«•'*»-» * ••****»**♦*<*■**« 

Wheat 1... 

Oats.... 

Barley....... 

Roe.... . 

Buckwheat.. ..... 

Rotatoee.... 

Hay *. : ... 

Cotton. .- • • 

Tobacco..... .... 

Flaxseed...... 

Total (of above crops) 

All other crows <&. 

Total (all Oi’Q>s i ft* 

Value of products from live stock 

Total value of crops and products 
frcm live stock a. . . 


$1, 

,336, 

901, 

000 

$133, 

890, 

100 

354, 

437, 

000 





334 j 

588, 

000 





102, 

290, 

000 





83, 

068, 

00-3 






975, 

000 





184. 

184, 

000 





743, 

307, 

000 





700, 

956, 

000 





76, 

234, 

OOu 






713, 

000 




4'i 

,090, 

"833*, 

OOU 

>40 J, 

,083, 

, 000 



793, 

610 

62, 

,279, 

861 


,713, 

631, 

610 

471, 

, 363, 

,161 

.j?i 

JWV, 

665, 

914 

210. 

,166, 

,591 

_6 

,‘15,297, 

524 





.estimated increase on account of breeding 
improved plants and animals a,. 

Population (1906) a .. 

Increase per capita a.. 

.fum'ber of far ns (census) . 

Increase rcr fe.tr a .. 


83,941,510 


0,737,378 


681,589,752 


§8.12 


vllS.79 


q : Estimated 
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TkSl.b 3, BwQlAELL iL.l'LKIib EBlIDX C IXADI C FI3'I3> CBDi 

a ) Doia^sTic aex "al£j in ..i mm a. 


Crops Value,190?. 


Corn....... . ... 

Vheut... 

C'Uvtt — ... 

Baric y............. 

c• . 

• -/. ................ • 

' C t C 4 « .......... « . . . . 

i«C «...... 

Cotton. .. 

To'o&c o.. 

IXn>3eed.. .......... 


C21,803,000; 

ea, i 9 a, 000 
ao, 41 **, 000 

17 , 064,000 
1 , 07,,000 
64,000 
6 , 004,000 
11 , 475,000 


'1 -t-il of above cropu. 


150 , 76 : 


,000 


* .i.. O 0 iluT CTO5'S ... «. ..... .. 

Total all cro. s n_ ............ 

value of 'products frou lire stock a 

Total valw- of cropr. ;wxi product* 

from live otocu a .. 


5,034,065 

151,996,065 

84,220,887 

aao»ai9,loa 


Increase on 
Account of 
Improved 
Breeding, 


180, £00 


15 , 076,200 
823,487 
15 , 599,687 

6,422,228 


7 js , :;i/R..tod j. : tcre:x;-.fi on a 3 count of 

improved breeding _a .... .... 22,021,915 

/Opel aci.on a 2,0*^5,615 

X nor o ®u ie p<* * ca.vita a. ».*•*.»<»»«« »• v X 4.8 7 

154,659 

-.■/142 * .5 


Buiiiber of Cams (census) .. 

Increase par farm a ... . . .. 


a Estimated 
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JEHJV* idX Ujb i jl X «*.■«* i. . £« 

fhe power of heredity xru^ r be illustrated by using knoim 
facts in 'tfheat-breeding* Th® two varieties of wheat, ‘.'inn® sot a Ho. 
163 and •'•innseota Ho.. 169, mentioned under Breeding the at, p. , 
■««nh originated from a single notner Plant in 1892; 'iinn.lnd from, a 
seed of fh« variety known as Fife, and 'linn, 169 from a seed of the 

the two varieties springing from these two seeds have multiplied by 
self-POllination. Ho blood from outside Plants has been mixed into 
t v e'.r hereditv and these varieties .it is believed are now sown <in 
millions cf acres* It is believed furth- r that the parent Fife and 
Blue St err varieties originated from single mother plants and t -at 

been so little cross-pollinating in 
then® great wheats of the middle northwest as to sake that a negli¬ 
gible quantity in t e general v-.-lue of these wheats* though suffi¬ 
cient tc produce some intercrossed stocks within the variety. 

Given two ordinary mixed stocks'.of wheat which, under 
given conditions, yield 20 bushels per acre, it la possible to find 
individual plants in each of these two varieties, which, if their 
seeds be multiplied into strains, will yield the sane as their Par¬ 
ents 20 bushels per acre. Again, other plants may be found in each 
which, if multiplied, will yield twenty-five inetea 
bushe1s • per acre. 

If the parent seed ia so planted as to give trie chosen 
plant ample space it will produce more than 1,0 J seeas. xf» in 
their turn, each of these 1,000 seeds be plantea with a s-jailar 
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amount of space, 1,050 seeds from each can 'be produced the second 
year, 1,000 from each of the.se the third year, and so on. If it 
ware possible thus to provide the full quota of room for each plant, 
.in nine years sufficient seeds 'could thus he produced from a single 
original seed to sow an area as large as the surface of the entire 
earth. And for the sake of the illustration the ability of each 
seed of each successive generation to 'produce 1,050 seeds when given 
abundant room and all other favoring conditions met, of coarse, bo 
granted. Bach of the seeds thus produce!, so far as be redit • is 
concerned, could be used to again produce In the next ten years 
another world area of wheat, and so far as heredity Is concerned 
this could be continued yet a third and & fourth ten years. 

The difference in amount of wheat of a variety from a 
mother plant with breeding efficiency to produce twenty bushels per 
aore and a variety from a mo idler plant with efficiency to produce a 
twenty-five bushel per acre wheat would be practically infinite in 
quantity. Yet again, if the difference in these yields be in part 
because the two varieties die out in winter, and by crossing two 
varieties, or even by making intra crosses among the plants of the 
variety an occasional hybrid plant, can be secured which will pro¬ 
duce a variety which, being hardy, will yield thirty bush ells , the 
seed? . a. plant of this hardy stock could in like manner be in¬ 

creased to a quantity quite beyond .comprehension. Thus one would 
have a variety producing in quantity infinitely greater than that 
produced by the variety yielding twenty-five bushels eer acre - and, 
by crossing, this infinitely larg r mount would be created by the 
breeder. That the projection of improved yields and values through 
heredity is one of the world* s great economic forces needs no clear¬ 
er demonstration. 




Tie .*eat of npaciui breeding efficiency, in ease of any 
on* a’ctolicjx*' ox* gr©up ox c. mraot •ii'tt , is xn t io jou-i an* * «>» t*nore in'** 

• /tailed at g' iu tm© t* t-j purea it < «axc ana roiiiilu js ■ -X x un~ te , -*** 
forming the seed. "Whether in clonal varieties, as ayylos or pota¬ 
toes, in seminal self-pollinated varieties, as an wheat and barleyi 
and in aeuinal orona-pollinated varieties, as i 5 com and rye, the 
breeding efficiency has its basis in the heredity fixed at the tine 
of in ./re gn&tion of the ovary. Illustrations of this are ,xp .-urent 
in the Wealthy apple, a clonal variety from a single seed; in hinne- 
yuta o. 16,' wheat, a self-polli nated variety; acid in bank’s do. 120 
com (dumber ;iftc.rwa:ede changed to 130 oil), m open-pollinated 

v cvX* ■.*j v,. i •-> o f w ig *io ail o*oouo^xo ex ,. ..oaeno , an*.& a_>a * .it ol,_ s o 

in ability to endure soIf-brsoling. MaoiiQ animals we find similar 
i icidentw, where m occasion*! ani.n.di begous progeny which iu the 
bo-nw of fuw:.;,iy or breed, ind in some cases oil :.± endure inbreed¬ 
ing; and iau co families and breads of animals as *3all as varieties 
of slants are found to thrive under narrow breeding than was former¬ 
ly believed. That environment as compared vith 'the organisation of 
the iah jritea forces is relatively a much smaller factor in deter¬ 
mining the power with which a oh or ao ter in transmit© l to future 
generations, has cone to be -a clearly recognised fact bj t it • 
i iifo i* :.,ei breo d j ra. 

Of all factors relative to the improve ont of slants, the 


ecanon knowledge that there is one individual in a thousand, or in 
many thousands, vfuch has great breeding effioienoy, is Manifestly 
uf tranaoendant practical import;* ,ce. It rv.v be called the first 
great law of creative breeding. And the fact, that by hybridising 

individual plants of even higher breeding efficiency, though more 






rarely occu ‘Ting can be created, U- or. titled to a place beside the 
first la-r. The great practic 1 fact 1' t>....fc these rare plants can 

' . , rerage values of tb i 

taw 1)1 oo 1 of these nutating parents segregated j and the A fror: there 
individuals uu ■srlutivo .in their projected breeding efficiency, or 
f re-: i into.fbi* -ail ;p pro-.? a? P.neh ind.lv i 1 ails, valuo.bj : uen Turin-* 
tf.es cm be pro.’ a pd. There is need both of keeping up and iiipcor¬ 
ing the bree trig value of stondard v.-.jrietics, aid also cf creating 
rev md still better varieties. ''rca.t5.vc breeding i» only in .its 
i fancy, and tnci-c is need of much research into the a-tc of keep¬ 
ing up :ad iisprovinp the values of standard varieties. 

STATE KAdT-EifcdEJl PS ;ZXKV>liUJ.. ITS. 

The methods of breeding outlined in the following dagos 
are not offered an stared ,»ork* They are given -..s a romrt of 
progress, and in son.; case., as suggestions, based upon nuch work, 
with the hope tn.it they may serve in so. >e ■ easurc to aid. thusmo 
are on taring upon the be sine 3 8 of breading plants and animals, or of 
research into the problems of heredity and breeding. 

.An effort .13 .ae.de to illustrate how a, large . lant-breeding 
establishment ram be organiued, and especially hoe. State a::, vrirr it 
stations with branch stations and with State and federal support 
can. mmnUe the v,-oP: of .Improving the crop a of the it ate. The ef¬ 
fort is ...via , howavar, to fee carry out Plus illustration that the 
methods will be suggestive to the private breeder or to other public 
agendas engaged in breeding plants. 

Carrying the work to its logical economic concl-a ion in 


Minnesota and. other States by actually making general Introduction 
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^rnttrhtarian: Use rone cot ac 
J?ig«4, p.22 f O.h.8.Circular 84. 


v j.r, cT" ■ 

tion, an<l R'irftssted location* for three or four hundred branch e;-;~ 


pert: jo nt ntat ion a. 


t'f rifc. ly 1 .1 l1 1 1. c i;4 rtiVfe*. YW'ai it t *-1 lode. crop >5 ii ,s i cjfct t.» - v * 

conclusion that efficient plans fur iku.tributin*; accredited not. 
strains t.i’6 (.’Ujttfi as 114ujp• .ant as wife - »ci»n.©tls ox oxcati.ifj i»tra*. n& 
of plants with increased y&lves. /. se, {..rate adapter is therefore 
devote - to ehe subject of distribution of cetdu and plants to prow- 
era i ^ivin actual experiences with thr > on-, r .,1 'mud ei-.ra o dodo of 

- i ; : 

a tiler expe ciraent stations in coo,-oration with the United Staton 
department of Agriculture. 

Tile or^-miaatiou of at at* fbr -brcehxr.u .-...tuhlichi -rd 
re not altogether non and untried, and re.- ,e ct.ky eta of oar err once 
irf.. properly he Made. S-.e linnecotu star.ion u*s t ic oldest oi loicjh 
r^ii-ceYsiu 2u -,sta in the United Stater. Its • reseat 

c*. ut a> ,He hinne»-dr, fix,' fluent Station ..aid the Unite-’. States he- 
ri;.-' er.cvi'o ox iigi’icu.It itre rn l»io a Cii«u.» t*• 5 onoj cho ucana -rOrlfir & &n?i .<o l** 

If» ■ aa v *o i •> y -.a.e .> or c>• ”‘n, wvmi, >xx. s.o . oats, a.i.* 

flax, sujmlieh. to the Jinneoota farriers as a result of this work, 
are believed to afu urmuaJLly upwards of taro million dollars to the 
V.... e I- ear.; ere & above u.e ..-aid oh -.. ra.iaa have been pro¬ 
duced o;/ the soar on varieties which those no * strains have da an lac ad 

It is therefore a conservative claim that the'linns sot a 
State osvabliair.ient for broe ;ing field crops produces for the people 
of the State more t tan a hundred dollars for each dollar expended, 
or a iet profit of one Million, hino hundred and eighty thousand 
dollars annually. Since this work is only begun, it io believed 
that it is imp os -.ible to eac.il.' increase t’ • Is profit to .110,0 :-0, 000 . 
or even above §20>000,0-10. annually. To secure this result there 
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-Vig»6. t -*ap of 7 'inner sot a showing the location, of the 
State Ex»c.ri :ent Station; fie t-le Colic .re of Agricult -re, the St, 
Anther. lur'c A-jricvltural ’Ugh. School, ;:.id other schools relating 
to agriculture hc-ing also located ca University far.:', rith the main 
Campus of the University of Minnesota throe miles distant at 4', the 
Crook»ton Branch Experiment Station ar-d the Crookston State Agri¬ 
cultural High School at 9; the: 'rand Hap ids Branch Experiment Sta¬ 
tic n at 8 ; t e re ce . 13. c 

High School and Branch Experiment Stat ion near b; and a very rough- 
Is outline;', plan suggesting locations for sis other brand station 
farms an’ agricultural high schools in the region* of 1, 2, -3, €, 7 
.ani 10. The relative sisee of oil t-o larger tovnc rad the cities 
of the State, as given by the Conor-9 of 1900, ere shown by black 
circles, showing approximately their relative population. 




ai uisrc be some liaer,„u.it„. in supplying the necessary funds for the 
organisation and maintenance of plant-breeding ea tabliahmen te, that 
wora .■ >.ta ail crews ja«y be vigorously prosecuted. That the cost 
will not ho great for an establishment adequate to the task of mak¬ 
ing fros all our soaai-ci. vilised plants important -edigreed varie¬ 
ties, ../id for making useful varieties out of many wild species, is 
amply proven. 

As shown on a previous page, there are produced in the 
united States plant and animal products worth several million dol¬ 
lars Allied cun be improved by breeding. Assuming that at si.mil 
oust ton percent Can bo added to tnis value the average profit pur 
iunA rtij.1 be ov v*. ., at to. t> iu a wr<»..5e proi *t p ex’ o ,-;iwt. to uno 

entire population would be over yd. The organisation and install¬ 
ation of State yl&at—breooieg *utfbiish'/.'ieats i» exceedingly import¬ 
ant, and lie a*rk, equip ■ ;ont, .irut manage .ant should serve as tin ex- 
atiple for private ;*-.?reo = s mo nay desire to enter upon similar 

t&l "C Cf a* ( ' 1 '. J* .ft 1 * 

en fith a genius for this work, which is at ones a sci¬ 
ence an i u'i irt, she ild be sought o r., educated, »nd given adequate 
salaries, assoranos of civil-service tenure of office, -md the 
necessary facilities with which in a large way to undertake the 
breeding of all important plants and animals. 

Xn audition to expert leaders and experienced workmen, 
lands, buildings, tea&s, and uecaanical equipment are necessary for 
plant broui.i'..g. Pn experiment farus it x» very importmt that a 

foreman of plant-breeding work and one or more permanent hands be 

of 

employed. The salaries and tenure of office these oen also should 





be such as to Insure per.iou no of v;w h jrs* Shis obviatu* the 
c»/&ttrr<anu>2.ien t and liff_cu.it; of i litre* mg ai* * htjp -u .0 »'tj work 
*aid :a.-.rt.»ina continuity -.aid therefore greater efficient;: of the 
,/ajpfe* The vorh should be tp cnsriaticdly developed so tout it tan 
'an continued Prop year to year ani c ~a be I-icreaaef in volur.s us 
cuf.ori-- .vc '/..■• its* dines ona of the basic principles ie that 
plants wita except io.;o.a brooding cower occur only rarely, it is 
nraaaaaxv r.p/o f iciliti is it yon ible to ace very l'«rge 

nu&bers. 

dime: iffid'" !5?A!io:t .iicmAdf. 

iljr orcua .cotes have 00 0 to realise that expa-iment 
if run or iioldo un each of its y : !•■/f .soil areas, or rat 1 • v in 
each of its general agricultural regie 03 , arc a nece‘»h*f to ail 
in 3 svulouin • varieties of plants id 1 h;eriB of f&. nanage ent 
for all p {,rt : of the state, In plant breeding, these, farras , if 
properl. selected, will enable plant breeders to test infer ted, 
newly introduced, and newly bred varieties no as to determine those 
Peculiarly fitted to pro.Use larger values under tie various condi¬ 
tions of the State, and to breed varieties suited to local condi¬ 
tions* T ■ c peeled, oh c. etc 1, vi biological character of the 
soil, bote for the nursary w.,rh und for the variety tost plats, 
should be as - early as possible an average representative of the 
soils an! far 3 of the agricultural region for ..rich the improved 
vi.r.1.. 1 \ designed and should be kept in oercobat better coedi¬ 

tion than tu average of the practical farsis of the region served. 

The nay in fig. shewir,- the "inneoota ftate "biporin.cnt 
station, an... suggested locations for branch exp enimerit static tg, il¬ 


lustrates & plan for a comprehensive State organisation entering 
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plants; fxftj aoraa on each of t ;n br men station rur&a, or xxve 
‘vi:iIre 1 hi all; ait too uni a half acres on each of two thousand 
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•Mil' ' ... i '1 • be noticed. ;vt the ooiu reason for this expendxtars 
xoall bo i. t o cro ■ ; of the na,, bo'increased b fifteen to 
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ivtcot all thi nr; re all; proven more v ft whole than varieuea already 
<-’* xn. 'h'...,rIn ; a ixpwtont ii the :' :.c,;ir.4 T...1U ' iw ...uJUnte 
of Xixg br-’c;;, • 4 p f variety teetix; wh ife die tribute.-.; of valuable 
new varieties. Tie tea Vm in school a devoted to education for 

~ re vit . 

and opportunities in reseure* me in ixprevi:y; the plants anti am— 
male uf their patrons. 
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*** ?«*"■ r\ r* nift' TVl- 1 U'T f* . H -r?l ph 1,1 i . ’ f I'M 
Jxph.h ,„. ■ i $ vt y x JL* «JU ■ i~*o* • a .... i XW. «*?■ o ■--.*> *« h*-. s « 

Ii laying out a new exiurinent far..., certain general 
px*inc«Lp-jL.e s *'ihc 04,a ou a oxio AC-tx* i t •*. to ix * * i. , w.v- .,xx 

divide ih«; iiaent farm into fields xxh 1 m •'* wxi roadways eaoi** 

1; con xctxug the res*active .-.-'to v.jph ta buildi'a^u xc baray.rde, 
A convenient ays tea for designating the fields is necea- 
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field A, ?kld 1, etc., t.uufi short proper it.-.. ion uu., •'■■"■.. ui onv....I;' 
tie i-rcT; ruble, «uj ;ill fialu., Jones ield, etc. On lavr. e.. >erx- 


nerst fa;-. v 


the letter;; art alx d.t use alditioma Vxtlde nay 


be ixiveii pro; ;>* namee. 
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, ’• *•* - - «&» tfw* «> +x.*kf* «***'*.-■ «*» W i, W -4i % Vl * > * A. r * v :- ■ ■ i i>i . ’• ' £ 

It la eo vuuxoat to divide these fields inuo series, or 
fields of uniforu widta, as long as tie width or length of tie 
i. — t .!»•«.» | : -' ■. t.\.» cuOwvii niix or*..; i.-.reu.o ■■-■aj.iww , un^ to srxr** 

:r:,;., th.;.• i ^X.-evs waive ' wxatoen feet t *00 Hr turn rots. 

Tie .. lulu across tie unlva ra;. be .-.aut any needed vmd'ch for Boud¬ 
in,;, long „t u the plat, thus tec.-ring plats of any desired uni- 
for;:. aim. 

-jLj JL <1 fcJtti.' Is** *, %,.•! f, #w> k£ W Ww. - M A i- i v *•» Jfcil-* •' ft # 
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tionc j asl nty at scx,e tin., becvjuo f t leg 1 ethod urea in the 

fieat .recent of nfeu, A convenient width for the series xt 4v . ei-rsf 
practically L rode, or in tome cuius bO retort-. Where series u ana 
it roes «.iuc: ifeiVv "ween estaolioloa the;, can be ...ado 40 genu be utters 

si it; *« I- It lx x ; JL . C* i Ad X lx X 1 C‘ f/if; 'aal; wf too ali.exb, t. -e ol*gltl.f 

roducrag tie width wf the !>./;. to aaice it fit the metric cysten of 
unite, flats running acres a thtae aeries can tiien bo used la, up 
£0 j.ctoru <-id-i, xwdciaj-; series co;.tai..ing «. 14, 410, or 60o square 
Betarn on tie »cries 41 .asters aide. i«o hundred square asters ia 
one -f .1 ti e il o^. dec tar a e-i 4l-i square nfers xb one-twenty-fifth 

of a hectare. 


a A meter is 3.20 feet; 40 meters are 131.23 feat; while 8 rods are 
~lag gfcufc. 
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In v : ict;, teat', ass folio-•;s; 200 si ;are meters (one-fiftieth mcr 

tare/, equals 0.0494 acre, lacking only 0.0016 of being one-twenti¬ 
eth of in acne, .-.rid 400 square -etc-rs is one-twenty-f ifth of a has¬ 
tate and i? .practically ore.-tenth of an acre. These likens ions are 
as co-•’•'renlent as the rod and acre. 

Since tee ...cm and ether nometrlc units are ir cornon 
’isg, facte, recorded a nan r - •-.•trie eyst ? * '•••: t.r ..nslated before 

publishing, using etric expressio -:ss only occasionally as an aid in 
educating the people in the nee of the -etric system. In very many 
casm such i: fa tenants *s the footings of tables and general conslu- 
sIqus given in figuree Should be stated both in retrie language and 
in the language of the country. Thus, additional columns in cum- 
ma-ty tables in which general facts are stated ir metric units be¬ 
sides those given in the common unite help to bring about uniformi¬ 
ty. If all countries would thus give general facts in additional 
metric statements much time >.euld be eared, and the language of 
science would become easier and more nearly universal. 
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running north and south in 1913. 
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j y_ s 

show! ng hoy to lev/ out the plots for the centgenera when the whole 
i.Si not sufficiently uniform to permit of its use entire for breed¬ 
ing purposes. The blocks "A" *aay he used any length pent it ted 'by 
soil conditions. In case of uneven lard the width of the serie & 
u ill also depend on soil conditions, likewise the width of the cent* 
gen nr plots used. The centgener frames •B* for hill plats of small 
grains are usually five feet wide ard so constructed that the cert- 
gene r plats way he arranged in series of rows of the desired length. 
The usual 16-foot wide roads hound t?.e Series, broad 5-foot all eye- 
hound the blocks y and 2-foot wide alleys separate the centgenvr 
beds from each other, Wnen the soil of the series is uniform 
throughout, the .centgenor beds may be run the entire width of the 
series (1320) feet. In this case these beds Are 5 by 1.52 feet in 
siise, as in I, .Figure . 

UuESiiiHi 0liO:.* jS.0TAfI0.t- :>C. i-ciiX. dhCOUSARi . 
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got o:- _ Directions fur £ h.r of th*-. He ta t ion 


Scheme. 


3, 

4, 


Peas ('.'.inter rye): Plant peas, cut for hay or seed. ‘Plow and 

sow fall rye (lhnn.No.2). 

lire (clover): fov.- medium rec clover in e’-e, early in spring 
cut rye for seed. Plot; under the clover in September for 
green manure. 

Hursery corn: Plant 7 'ineedora Ho.13 corn nursery and fill out 
the Buries with best bulk seed of same variety. 


Peas (winter nursery): Plant peas early and cut for hay or 
coed, or .f 

ately and plant the winter wheat nursery. 


** il l lend needs it ulov under green. Plow im-eai- 


5. Pursery (winter grains): harvest winter u : ->eat nursery. Plow 
at once end so venter rye. 

6. Sugar beet nursery: Plow outer toe rye in goring for green 
manure and sow cent gene r rows of beets. Plow late ~n the fall. 

?. lluraery (spring grains) (o to 10 tons manure per acre): Plant 
nursery of spring grains. Apply, if the land need* it 5 to 10 
tons of manure; using the greatest care to mix to uniform 
quality and tc spread evenly, Spread half lengthwise the 
series and half cross-wise. Plow deep immediately after har¬ 
vest . 


This rotation is self-explanatory. By reading from the 
top downward, one will see the succession of crons on each series. 

By reading from left to right, the crop for any given year upon my 
given field may be ascertained. 

Professor 0. 4, 2avitz at Ontario Agricultural College 
has long used four fields in a four-year rotation as follows: First 
* year, grain; second year, grass; third year, grain; fourth year, 

* . ivated crops. This precedes each grain crop with a crop of 

« climatic 

grass or a cultivated crop, ana with that soil and under the/condi¬ 
tions tuere existing, the soil is in good condition for each crop. 

He can thus use nearly all the land each year for variety test plats, 
nursery plats and for plats devoted to testing methods of selecting 
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and cultivating the different species, There fields are divided 
into series 1.00 eh t ins vrid.e. 

In man:' casco a fallow cre is #?rovn junt previous to 
planting the trending m;r«ery plats, crimr-rily to have urrife rrn ; nd 
favorable c emiitioru;. I' dr.- re io ; bare f llevinn mi he fore¬ 
times iieceeoary to stone up mo 1 sturc end to secure the psinination 
cp seed?': of previous crops cf the same species cf plants so as to 
avoid voluntary plants from, seode r ’-.ih; die not vc. minute the pre¬ 
vious year. The use of "barnyard manure, or slanting on upturned 
.erase sod, acnetiuien causes trouble from the vfr.ite grub or other 
insects which kill so many of the plants in the nursery plat- as to 
make the comparisons between stocks unreliable. On any riven farm 
long years cf experience aid the manager of breeding plats to so 
rotate and cultivate crops cn the field used for nursery and field 
plats in always securing good and uniform stands of individual 
plants of nursery plats and cf field test plats, 

i i . an .me t les 1 ats on e: ■ ri r»e» ; f 

* 

should b-.. careful!.: surveyed, right-angle or other corner? ewtab- 
i is,hed, and the corners permanently narked , . A good "'ark for the 
corners of series and pern--.rent plats is a piece of 1-x/h or Z inch 
gas pipe 2 feet long, a "io o, or even a. niece of herd uooP, set at 
the corner inside the ro-d or •l.le vey, with its top placed t foot 
Idem the s urface r,u ay not tc be dietrubed by the plus;. A tempor¬ 
ary wooden stake 2 or more inches in diameter placed over the buri¬ 
ed pipe, stake, or stone neves visible -mark and when necessary 
may be easily removed and accurate!- placed above the ge rmanent 


buried monume n t 
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Hxperiner.t f.,,rnv» to "be 
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Lib Lcnlt-.x*,’ 1 >» l;che-oT c, t ere 
’ 1. *; proving bevt. e.t the central 
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■ f flfj. 
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x iv. 


n*K :.r 


•■lanl 


’eeci 5 


there l'o curried 


for the 


aso':.J.YC c/’-.r' o'-ltt - j. a of ah:. e 


r.e. 


; s.: of ul a;Iv ; -,t :L o:;a 1 e.d junof ;■ t o tho .:,,gr Aa u 1 1 v■ 
" Mch tli > r . ' "be con .acted. 


they ar-: alevi vary 
high schools v-1 fa. 


All teeth can not he racio on H -al pi at "?id o’fc in 

rectangular fe.cn on uniform lord, giving ouperiunj. ty to construct 
fcm.il tables showing .n-ner eieldo, as veil a,e h ioeru, etc. 

In nan}' cases land uneven in texture, elevation, etc, on.et he used 
and recti Aguiar plats can not always be secured. In ca; e of many 
•plants, as fruit trees, the individual plants >m>Bt be the unit from 
which to judge yield, !: ardineru., quality, etc. In ot - r c xa row 
tests must be depended, upon, sometimes curved rov.-e of uneven length 
<*s in. the cotton and corn fields of fu terraced land £ of sure forth 
ern section;:. Bveiy- species and the place available for breeding 
it is a separate problem, but where practicable, as in case of 
field crooe, the forte?.,! breeding nursery plat and fee long field 
plats whether rectangular in fora or a eare row, with. soil comyar- 
able each with the other, ora of great service.. 
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as well k.e on dry dep' . On the see floor as the threshing machine 
are farming mills nuehlaes for .grading the seeds. r 'r‘Of, C. A. 

2avita, who is in eh: rye of this work, uses plats one-hundredth 
P rt of «,n acre and less in .area, often town to one four-hundredth 
smaller. He is thus able to use hand methods in the field 


or even 





work almost Wholly after t v e first rreparation of the aoil vith 


tftasis. By c- refully trim.-iirar each plat t«. line. 


.r„1hi la ai’eat- 


vr refinement*; of vorJc where ever fhiep in o*c-:;a 1- hum , hi a results 

are ’pest ea.tiEf aotcrv; ,s o’ his '"or: ccr ssl. aly .aw ,uLy,o) t.mea 

over t ■.; larner plat- r,ocd>-.c. , •••. t; t rvei od 1 tear. . ftr- .3 ;il 
plats also lore th-.,’i.«::,vow to c;-.-awful vc-ri; In 1; ■ h..I ; 'a. h-resw- 

i n, &n& .weighing without the errors incident to -■•■■ . -o- 

rwigo-i. There is ,,, , crowd: ,.dy ettay in bcinr able to nkoro 'thowc 
smaller. amounts of unthrahhed gr;. in, hhich can not wo veil he done 
with the cr.e~tv.-eih loth «.nd one-tenth nc.ro plate. Then, duo, the 
jpsall plats nai e it possible of ton to uwe fro see as fro-a the cent** 
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For co lit ions h-cre the plats are farther from the thresh* 
in/7 bam, a !■*rpa #aron rack could he usei, and each small alat 
could be tied t?o in a canvas in the field, and than hauled to the 
barn and etc rod till! *1 • t’xro.sherfi are raalv to mve it over 

the scalar I-to the ‘h-raottna -a,chine. Sea,rate tlrass mg machine a 
rro. 1 aci-.-l lv d-wi-.el to ‘ - r - an 1 1 cereal--, clove-', the 

finer srras a steels, a Cw.b ,nd beans, etc; and each could In on. . v Is 
go fb ■■ t it msy lip oriel'- f: l, oed unde." t ,o ho'.per few the scale 
platform when p particular kina of grain fa to be thrashed, The 
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;3.”'0 electric motor could bo so tit tacked to each r.n to rive it tA.e 
’rc -tr cd. A:the fr; mcv.hrk cf each ...ehioc vat"-- itr mov.xtvU 
'■’.-.tforj-, cor 11. he co arr.rcrod “’ce' m n :c;!n cculrt osare to er 
,u c.r .: romj.nior co id he ado for free- 'ia If no 


Cf +■'!■ 


.ft. .V t'- .ehic let . 


fHindlTY 


BISEDI.’ll. 


Re &earoh 
ico,l br-.ee.ijcr .far. 


in heredity, in na.trral evolution, and in' orac- 
roeenily received a mirhty impulse from the mrk 


of Aej'aiul, .'e Vries and other investigators, and from the economic 
ana artistic results in practical plant and animal improvement by 
successful breeders . Darwin's contention tnat nature evolves her 
living forme • mving been generally accepted, the world has ‘hecone 
ready to consider a© a serious business proposition the tnapfoying 
ox science in tne probXem ox making all usexul pltsnit& ano, ani.’Xals 
t Q e v o lv » . r ap id ly , 


As the .■.core abstract r 9 n..-.--.rohe» in eft ami ©try and p.hy sic s 
help uo give a basis for advancement xn oraci to.-ol mining, manufac¬ 
turing, ant transportation, so practical breeding must rest in part 
on formal researches xn heredity and evolution. 

To study the laws govern in 3 living' things whose essential 
cnaraoters are the sum of millions of years of environmental expert 
sncas and Impulses wrought into affinities ami habits is a most 
complicated, though most interesting, undertaking, it is not 
at rung 3 t .at tils line of research nas not been developed along 
many clearly def luad lines, such . .s is the worn blocked out by 
xfendel. 


The Linnaeus school of scientists magnified the species; 





? '■ v .nt3. cal breeder”' li'-'Tfi "brer more t ■ ■ * f* ■ ' be si? p a7*1.n t i vel y 

fine appearinn; in'dividur-1 plant o r animal ; h.-rdel naynified the 
tm.it characters and the pcrrietence of its unit as it parser 
through seceeerive sw''native.- cells, scientific breed ■■.th tave come 
tr sf ' f * ! i , that ncl .. of def ce» t, ’■ *t* r of oh® 

or of a grorp of perect plrnte, or of air’'-ict 1 hot multi¬ 
plied wil.l "be tn ivnroved variety or 'breed. 

There are needed invert i rati or.s to guide the sclent If ic 
breeder, whether he 'be a private individual, the advisor of m 
association of breeders, the official in charge of a public breed¬ 
ing establishment, or the expert chosen to superintend, a large 
enterprise in rhtch public and private funds are used to produce 
improved plants or animals for general end vide use. There re- 
searches need to cover Mendelism, rotation, and oth c t laws of hered¬ 
ity. The floral habits of all economic plants should be most- care¬ 
fully studied and recorded. Methods of hybridizing many kinds of 


plants shorId. be dev:Bed: and. the facts tie to v i ch pairs of . .s 

of plants and animals map' or may not be hybridized should be deter¬ 
mined by experimentation. The ell olomorphic character pairs h raid 
also be widely studied and their segregation and r-.3 combi nation stu¬ 
died and m&de of record bo as to be useful fee those studying the 
theory of heredity, and to those who use these characters as the 
unite In their recombination if indeed not creative work of con¬ 
structive breeding. 

Methods of selecting to improve each species of plants 
and animals, so as to aid in producing the many needed, forms for 
varied conditions of production and use, should be much more highly 


developed. In plant breeding ther are needed efficient methods 
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ace of t v e . mn, They thould tie Ip» and not oust we 'n’t in oh.' toils, 


There is 


h, ■< •. uedi-T. tot .. «*r. tm mo '-.io \;orrt! only on im.i'uer* 


u.f'ifc i iii’ yv; f : •o ■ r ■- -ud utf cl- ssificution, on tot one 

hr.)i.c : ■■ on t'--> older hard, the -an oho ~akes only brilliant 

1 toutione "m i mt u ri . 1 gathered by bre-oy general observation. 
The ability to b-omly corr-late, mnemliae, suyncnt poeoi'ble hy- 
y>ot’ • . , ; < b>e ft'iict • i 1 r tic'’l test? to evem theory, and 

broadly to core tr* ,, ci mm yiyint-ml lylm lit./ to a tree o'ill os op by 
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operative organized effort h&a cone in al 1. lines, te. m vtrk 
only possible ‘but absolutely ess :n.ti<:-jL } "bonit in to*-; theoretical 
stnd s '.“ of the lane underlying the art of breed! -g vd ' n tin busi- 


.Xieties 'O-id 

breeds. Such o; 

rganizatv; 

■ l O t&X 

genetics hs 

Blight have been 

conducted 

by t 

: unci hen&el 
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needed in experiment; 

Joint talents of Brer 
trained in conducting Investigations in heredity, natural evolution, 
and artificial evolution. ’.m, 11 eviwe, organizations, including 
non cf varied t heats, are necessary to introduce, improve by selec¬ 
tive breeding an C by hybridizing followed b,- selection, and to dis¬ 
tribute the improved resulting forms, It would seem that these two 
classes of workers should be organized much more r;pidly than is at 


Pre r .ent leaking P1 ace. 

It must 'not be assumed, however, fh... ! the scientific in¬ 
vestigations cr the practical breeding are all to be carried for¬ 
ward by largo and complex organisations. lush of txe very beat 
work of both classes is being done and will continue to be done by 
men working singly or in very small groups. Some of the construct¬ 
ive philosophical thought will best be done by men who are not hin¬ 
dered by too close contact w..th the details of scientific research. 
And much of the most brilliant results in breeding will continue to 
come from -nan like Luther Burbank vsho work alone. 

As the lawa of breeding arc made available, as systems, 
methods, devices -.-aid machinery are devised, and as means are made 
available for the research and breeding more of organization will 
be possible ...ed profitable, both to those engaged in the work and to 
these who use the resulting plants and animals, it is of great 
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interest to note that the ory-oiixation of plant "breeding, having 
but recently overtaken the org;oiiaation of the breeding of animals 
from which plant breeders received many of their best methods, is 
nor; helping to arouse a new impulse to piece animal breeding on a 
basis for more rapidly improving our domestic animale. Individual 
breeders of animals have long respected the rule of "breed many end 
retain only the few best".. Plant breeders have proven that t^is 
rule must be restated so as to read: Breed many thousands and re¬ 
tain only the very few with highest breeding efficiency*. 


USHRJL SYSTEMS 01' JVUBSaSX MOTES IP 


THEOHBTI 0 AI» KPEJxIMMTS. 


Investigators who carry on researches in plant breeding 


greatly need a system of recording the lineage and the individual 
perfenhance record, also the breeding power as shown in the progeny 
of many plants. The system of numbering nursery stocks and indivi¬ 


dual plants described in tnis bulletin, having been developed to 
meet the conditions annually arising in the work of breeding by 
selection, by hybridising by selection, and of theoretical experi¬ 


ments with aooat twenty species representing nearly as many genera 
'will be found to be quite general in its adaptability to keeping 
notes m breeding plants, it also has features which are of use in 
practical animal improvement and in theoretical experiments, and 
even in lineage ana performance records in man. It ie hoped that 
this system will be suggestive to those who may devise a better 
Plan of recording the lineage and the individual values and the 
breeding powers of animals. It was earl?/ demonstrated most forcibly 
that each experiment relating to theoretical questions should be 
separate from the work of producing improved varieties; and that in 


all lost all cases each line of investigation should he has ad on 
plants used only for the purposes of that investigation. Trying to 
<10 two theoretical genetic experiments at once, or vith the same 
set of plants or animals, soon becomes confusing and the results 
arc liable to he mad.® unreliable for the purposes of one of the 
linen of inquiry if not for both. 

GIVE 3A0II TlIEGBM’ICAIr EXfBRIrdiHf A NUMBER. 

It has been found convenient to give each theoretical 
genetic experiment an experiment number and the general scheme of 
naming, numbering, tracing blood lines, and recording outlined in 
this bulletin serves aa a good basis for arranging the plan of 
notes in each of many theoretical experiments. The “Project State¬ 
ment Scheme * in general used in the U. S. Department of Agriculture 
and in many State experiment stations was originated in these in¬ 
vestigations and tne forms followed are especially adapted to this 
class of projects. T. \e interrelations of many factors made it im¬ 
perative to have a system of bookkeeping, and necessity became the 
mother of the project statement scheme; 

As elsewhere stated it was found convenient to designate 
in the Minnesota Experiment Station Field Crop Nursery all nursery 
stocks under improvement merely by selection by the Roman figure i; 
stooics une.er improvement by hybridizing and selection by XI; and 
stocks in use in theoretical investigations by IV. Thus: the ex¬ 
periment named "Seeds compared from Heavy va. light yielding spikes 

* p*Tir-t pr 

is given the experiment Number IV 2;/Sheat IV-10,/"Breeding Wheat 
on good coil vs. on poor soil", for farmers having rich soil and 


SI 


for farmers having sand;-- soil, Kursery stock numbers .cf a iff or ant 
stocks use, In each, euye.ri er.t he written thus: IV-10- *06, the 
right hano. r^coeeh i 1 Oc designating a given stock cf scede ■'plant* 
act in ISO6, lV-10-'06-2; IV-10-’06-0; etc., thus giving both a 
number-name to the lot of seeds use ; and the year k which a ;iven 
lot of y-lunts :-t t -eir resulting seeds .vere planted,. 

1 ■ army of cases great advantage thus comes in. the 

f ■ . c i : des i c o •. ... : “he: 

to every individual plant in any plot vf,«n needed. If, for examples 
thru t’.-Snty nurser:/ stocks of l-.>0 plants o ,o \ n the experiment 


1 V-..LV-*0-3 are nlantei in the nursery, 


/ 


'be taken up ..here the previous clans left off. If the hybrids, 
Class el, Treat, for example, cl set .vith plants 87400, the first 
twenty centgoner plats of plants in class IV-10-*06, if planted In 
the next plat, might begin at 87401, and the last centgynur plat, 
if t'-ere sera 100 plants in each of the twenty plats would he 
89400. In this particular exp erinent IV-10-*06 the work was carri¬ 
ed’ out on each cf two classes of soils as ordinary selection is 

fi - rnd year -, aid the 


carried set under Class I, (dee pa. 


) v- 


nutes of tie individual author plants the first year, the centgen3* 
tests of each of twenty nursery steers in the second, third and 
fourth years are carried out i.u the cane ainner. 

Incidentally in devising a method of planting this IV-10 
experiment, a plan of planting tie cantgs.inr plats in beds by aar 

h' 

eninery ’.van devised to tu-cs tie place in the gen ,r *1 n : rsoiy or tie 
long hill row centgener .vetnod previously used in olasting vheat 


and other small grains, mile the original experiment has not yet 




given definite results, this in.cider.tel result hat already h*.d wide 
apr lieail on in the work of plant "breeding as this centgenr.r plant¬ 
ing a&chine is i r > va e by many plant "breeders. Th s the careful 
study of pleats by statistical othode, Jhere t v -e plants and their 
' e.reditary powers, as sxorcesed. in aver?-yes for their progeny, are 
constantly vtr6.nr t e elope observation of skilled breeders, results 
in many useful facts being learned incidentally, in many serviceable 
methods being devised, and in suggestions of needed lines of re¬ 
search which are constantly presenting themselves. 

In wheat experiment IV-39, “Breeding for rust resistance", 
it, was found impracticable to determine the relative rust resist¬ 
ance of individual plants, by comparing one plant, with its fellow. 
The centgem r method was then adopted of measuring the centgener 
power or breeding efficiency of the numerous progeny of each of 
numerous mother plants as a means of discovering blood lines more 
reels tent to this disease, -nd hare this system of numbering and re¬ 
cording was found to be very convenient. 

Incidentally, the fact was brought out by thus carefully 
recording the c" 1 irac + °rs of stocks of known pedigree thet some of 
o, r best yielding acoesslewed and the best newly bred varieties 
were met resistant to a high degree, showing that while carrying 
out. the general work of breeding for higher units of value per acre 
we are in practice breeding toward resistance to this dreed scourge. 

In wheat experiment IV-15, "Does crossing increase vari¬ 
ation'?" this method of note taking served in taking notes on numer¬ 
ous plats of wheat grown from, seeds with different ki^dc of pedi¬ 
gree. Thus, one plat was grown from the seed? of a single self- 
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T''v* second plat was grown fr-.-ir. bv.l ' a--'da of ., et&nd.xr-* vanot;— 
which my originally have ; ru:;? from ■ f>'.ngln noth n 3* pi -vt. The 
1 ,'ard was yl ■ t ' .?ifh a nd frw.n a „ X -f «jl .f a v w* 3 

jai:-.tic "3 of eelf-pollination following t"v, crosciag by yeunfs of 
ha:id poll!a; tion cf two related. pl.v- The n rib w&a planted with 

seeds, fro'vi a aothwr pi ah ro-anting free, a recent artificially pro- 
L ti n lie 1 P d: ’ f jro? 1 1 € .3, In all t: i e e 

Cl&S fiSB t;:l.l3 .1 vat Oil Of TUii'.’i DUX' i tig provided 3.02? t.'ui iiiibliitt uiOil Ol u - its 

notes on each plant of each nursery stock and for working out 
graphic illustrations of the gwiv/aic results, A owe work has been 
done in devising new graphic e;cp re anions of the facts nd l.ros of 
■breeding ;.md the ay a tea of notes used lias titled in so recording 
genetic facts that they laud themselves to lucid statement n writ-, 
i.ig and upon charts, kith iiodifi cations, this ays ten of nui..b- 03 
lias be n found ,• ;p3 lc foie to race ■ Vu . A on in .1 "breeding md to ex¬ 
periments in the- study of ‘-u-rociity as ac> -lied to •• mire.5.1c as well as 

N 

to plant a. 

The application of statistical methods in the study of 
animal breed! :'>g and the lib err 1 use of financial aid for this car¬ 
pi .at .x ■ great 1- needed. Economic considerations, vast in .magni¬ 
tude aa well as of X yrge a c.lent if ic i t ‘est, demand that the <-*rti- 
f J ci il evolution, of animals as well as cf plaits be more thoroughly 
investigated. And there, is need of a large . . f of v -rk in study¬ 
ing ff-;- facts to better perfect the f ■. or? ns and plans of breeding 
i leVis ing methods for lne;. * the value* of all eco¬ 


nomic plants and animals 





SYP,T?T r OF KHOOHDH FEBMSD. 


Those mho devote themselves to theoretic allgene ti c re¬ 
search, whether as their main work or as an adjunct to the produc¬ 
tion of improved varieties of plants or breeds of animals, must 
largely device systems of records for each specific problem. The 
method cf numbering and recording the lineages and the values of 
individual plants, of fraternity groups, and of non-related groups, 
as outlined on subsequent pages under the general title "Methods of 
Breeding Field Crops" will be found useful to serve as a starting 
point, or to serve as a basis from which to devise systems of re¬ 
cords for eac i gen -tic experiment with plants. Fo doubt these sug¬ 
gestions will be of some aid in devising systems of records for theo 
retic<*l experiments with animals and in man, and .also in keeping 
lineage and performance pedigrees. 

To recognise the genetic unity of families, varieties, breeds 

SU2 Cl '&.) G i 0 # * 


In recording tuo values of unit characters in individuals, 

in mass selection en mass. 


and 


In recording the valu.es of individuals with a comprehensive 

description, au a single numerical statement, 

j ..i x a ecording alx amus ox lineage relu tranships an • 
ta i lineage t >edigrace, 

(bi Cehtgonor values of superior individuals, 

(c) Genetic values as shown by parental ana collateral rela¬ 
tives . 


(d) Performance pedigrees. 

(e) Breeding values of individuals, families, varieties. 

kJ a G G * 
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varieties and breeds distributed to growers. 
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PI-..nrt of records to "be employed in genetics re • •-•arch work and 

in creative breeding should be at once simple ma comprehens¬ 
ive, and should easily he adaptable to many conditions. There 
is especial need of a system of numerical records whioh will 
p.Qrto n nirab'r , ~~ , ;-* l es, so that the number is bo + h the name and 
so related tc the series of numbers that all the lineage reia- 
tionahi :>s of all individuals may be shown. Fuch has been done 
to devise systems of number**names in animal breeding and later 
in pl-?pt breeding, and. recently in. engineering. The numerical 
records must be capable of being written in comparatively few 
characters with pen or tv . acriter or rlrted, and r.; t not 
require much explanation to be dearly understood, also so as 
to be easily learned by practice in its use. 


Sane of the things the nir her-name records can be utilised in 

is: 


To recognise the individual as a genetic unit. 

To re.ogama unit characters as genetic units, both those 
of direct economic value and those which serve as die- 
tinguishing marks. 

T..ie xiM.dt iicil scheme outlined m t/ixs bulletin, pages 
to meets moat of these conditions, at least so far as plans 


here presented are concerned, having been evolved while it was be¬ 
ing used in the breeding of about twenty species of plants, and m 
numerous researches in otudying how to breed wheat and other crops. 


M1TH0BP OF BJU'SDIW FIRT.H CROPS. 

The world is gradually grasping the full significance of 
the fact that occasional plants have breeding power of peculiar 
strength and. value. Nan is becoming fully aware, too, of the fur¬ 
ther fact that, by hybridising, other occasional individual plants 
with still higher breeding efficiency can be created. The fact 
that new varieties and ecu breeds are built up on the blood of a 
single individual, exceptional in Its breed in'- character, or on the 
blood of a small number of such individuals, is gaining a place ns 
the mainstay of a working philosophy. The work of finding these 



rare individuals or their grevac ■, of* testier: the breeding power of 
the-'e now network? of descent, of segregating ..rid rultinl: inr then 
as varieties or brood.-• , ;•-’(» brih'Iny those new .stocks into wide use 
is gu fairy• genoral recognition, hot on"' amateurs, scientists, and 
commer-vi-'-.l firr;.i, bat. XeainX.a* ivs bodies .--..re coining to a business 
re. ill a a. t i or*, that selection, and also hybridiz In.-' followed by selec¬ 
tion, may bn employed at. relatively small cost to increase vastly 
the we. .1th prod ace A from our cross and from our live stock, hot 
only have the methods of crossing and the methods of selecting out 
the blood of those parent Plants showing highest projected breeding 
efficiency been worked out in case of munc species, but effective 


methods of multiplying them and. of bringing the improved blood into 
g .-.ner .1 a have been devised. And in numerous cases new varieties 
and breeds of higher economic or artistic values have been generally 


received and advantageously used by producers. 

While'mercantile, manufacturing, and tr nsportation enter¬ 
prises are being rap id If' placed on a foundation built by scientific 
research, and on every-day practical facts scientif1 cully collected 
and classified, breeding and many other affairs in country life are 
backward. And the great need baa only recently bean w.ade prominent 
of efforts to devise systems under which progress may he made wore 
rapidly in the affairs of the farm and the fp.mhouse. 

But a remarkable movement has arlsen to take up both the 
details and the general business problemi of farm production and 
country living. The sciences of agaiculture and hone economics are 
gaining general recognition end even legislative bodies are coming 
to a bus inass realization of research and education in agriculture 
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and in all industrial affairs, The improvement of plants by intro¬ 
ducing new kinds, and by Improving all kinds by breeding, is gain¬ 
ing a foothold generally. These methods -are of necessity eomev/h at 
crude and experimental. They have been built upon the ore rent. 'Know¬ 
ledge of plant life, and on considerable practical experience in 
plant breeding, which on the whole has been successful and most en¬ 
couraging ♦ It is hoped that they nay be suggestive to private 
breeders and to public servants who may be engaged, in improving 
plants and. that they may serve in inducing others to enter the 
vocation. 

The writers have bred mainly those varieties in the core 
of which statistic 1 methods are especially applicable, and in this 
bulletin an effort is made to record the methods thus developed. 

The necessary artistic ski: 1 ! cun not well be set forth.. It must, 
in part at least, come by instinct; by contact with artists, such 
as luther Burbank; by practical contact with the actual work of 
combining blood lines into new networks of descent, studying charac¬ 
teristics, • and r. "!?■' ir., to desirable new types ; and by distribut¬ 
ing the newly originated stocks so as to be under the constant re¬ 
view of both those who create and those who use the new creations 
in plant and animal life. The breeder mast recognise the crucial 
test of wide use, whether of -a new scientific fact found, a method 
or a machine invented, or of a "new strain of blood** segregated or 
created. 

The work of breeding can not all be brought, under the 

t 

formalities of static ice! records. The breeder must know the spe¬ 
cies, the varieties or breeds, the families, the individuals, and 

must be especially familiar with ,l.e unit characters of the forms 


r 


with which he deals’. 

Unit character?-' • re rising ..n irayortano# uu compared with 
i.:r>c rv !.• .ual;' . \ 'the u; ndy of practical breedi .• >g and :u • the .'it no" of 
heredity > .nc; natural evolution, except as hidiviuuals at a. whole 
are un.it characters. The worfc of 'endel am the results uceurcd by 
those investigators who have further developed his methods have 
done mch to enable the breeder to know and raeJfce intelligent use of 
len avy laate i la it fc e ppeci with - a. 

this work of art the breeder usas the colors, forms, textures, 
activities, flavors, and odors xa hie uatwri&Xs, and the prod not a 
resulting are corcpucable with thw works of the painter, the wculp- 
■ tor, and the architect in the complexity of the undertaking, or in 
the subtle beauty of the things achieved. 

If any of the most valuable inprovement s in clonal and self- 
iollenate s ecies, md to .a " ss extent in opeti-po3 ; 5 a, 

often cone from chance discovorie b rude by the interested and tr ain¬ 
ed. eye of the eno grower. But systematic records are aids in 
every line of hr .* *i u... -i * -i sore case••., us with ti -oihy , vwj.t, 
clover y] flax, the’- welIni *<» .> idiepensahle. In breed.Ing corn 
to increase the percentage f oil in the seeds and in breeding alf¬ 
alfa to increase the viability of 'the seeds in a northern cl irate, 
statistical • nth ode are exceedingly vain : >ble in seeking out the 
most valuable blood linee. In other case-, aft in nors ornamental 
flowering plants, inspection "by the trained breeder is the princi¬ 
pal agenc;-' to be effectively used in so lectin.?. The instinct or 
2h*cill r yf c^ r rc o3is °o liiinrh.lv ft®ir^lov?jd 'th. -.i csti 

eliminate all but the better plants by mere inspection, confining 


the expense of statistical methods to choosing the best from among 


the v»-Autively few of greatest prorduu. The most ht/hly successful 
bpcottor cos » ],■<!(.' .*> ' '* C- ■•..'< .vu !3cx(j’ 1 ■’xi xc • ■ e art j. atie 

knowledge of ’•: ? -"o!.?,,.uss xl the oe.ustrrctive facult;; 
.rado; keenly not rive hp • xdo ex/erri a-me . 

The futrrs plant breed v/hc can coutline the artistic 


1j ;; 

1 . r-r . 

as of barbank . with 

- t .. .’•Uts.. .. 

5 i Ju|g .. UL 4 v UuCS 

rolo; el. statiul.h 

c,l ;uih 


and 

with 

ch ••'•.• - the 

praecxcel 

business 

tsthods of distr 

ibution, 

will 

be 

able 

r. :, 0 ; 1(13.,/ fcu 

increas- 

‘ ’ * Cl4» <vAU.,U.j 

. of stable crops 

:>nd ori 

pin- 


ate More pleasing ornauen' ■•>,! plants. The artistic and. scientific 
a> e.rtner.e ditch ill develop "it/h extensive olant breeding erne ri¬ 
mes in eu .v.. cag Plant values by statistical mtho-i,a is certain to 
add. effectiveness to the work of plant improvement. statistical 
ietho d •• i' 1 cs ntin- >.e to serve directly in assisting in the ael ac¬ 
tion of ■loro useful stocks, ant also in training men in the hi ah 
art of recogniyi ig new values in plants when they encounter than, 
w..! shall have us the rank and file of breeders a splendid class of 
nun, and anong than - ill anran- cone or rarest genius. 
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NURSBUy BKEBOiro. 

With most of our fl ©1 .ft cro* o n the farmer d.ca.!o ordinarily 
'? 1th the variety an a whole f j cl d of nlants ennacs, a "bin cf seeds; 
in T'V re eases with, the individual- seed or pliant, We at first sc* 
oc -iter! the varieties of "he?!, timothy, clover, rye , and many oth or 
crops as they came to ns, with little tho*wgM of, or systematic ef¬ 
fort directed toward their genetic improvement. Wo try to elimin¬ 
ate seeds which have poor individuality, hat a*! 1 nnch reflection as 
the mass-selection of the f?.van:hey nil; 1 "■ ■'• very slow improvement and 
may "be ao slow as to not. counteract deterioration caused by the 
environment . 

• hw Iud .ivi o.nai. f lent »-- Upon entering into H-e fiericue 
wot - of Improving the inherent ho.re.li ty of a crop, it becomes neces¬ 
sary to center much of th.e wore about the individur-l plant. Hot 
only must its breeding power he det ermines as shown by the rinse of 
its progeny, thus to comrare the projected efficiency of many 
plants, hat this power meet he determined ar it relates to detailed 
unit end especially economic, or artistic, characters. Those plants 
in which valuable unit characters and blended characters arc best 
combined so as to ho projected into progeny of the highest economic 
V: rieinl v lue bet o < *», ; - : . We 

ly that ve ray secure th.e blood of the valuable mutant. 

In case of hybrid breed! --.g the hybridizing is done as a 
.preliminary. The bulb of the work comes when the crest is begun, 
usually in tbs third to the fifth gen.ration hybrid, for individuals 
in which are best recombined the valuable unit characters of the 
two or ore parental stocks. Once the bleed is thoroughly compound¬ 
ed the individual plant becomes a nit, because its efficiency as a 
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c, r :?,l' r 36n in d.eciting ho-*,-,' t.c ror ".''rhino the cf.;^aO*era of tvn> , e wore 
pareotal forms: jjji'i the syrxthos i 3 may go on under more or P; ■> of 


i'Or'j r ( i’ ;ont ! f O'" PC Ct 1 '*** C ICiCC " ‘ -T ’, , 


t this if 


:C 1 done in the tye t of indivlcx-dl ■ l.unte to be ov.hr. J • e<’ to- cert- 
p’gji*'t* touts thiis 1.o *“.r first test of ,goi' c tic-o c- c :> :<oia.- c v&. Lvift, o.: 1 cl 
field plot iefito, mlHir,"'; tents and f x enuo. J tent of cor. -•• vci.-l 


. : e*' ren ru <••< -< i to r ■ ' ■ 


,nd 


extensions of the teed of the pro,lectori efficiency in \bc t- : —g'-t r 

plots. 

In core of ©pea ioilerated p-luste, even v-hsix r;,t*-.er >n r- 
tcw breeding it. ,rmetieable, the centgeieur test is verified rod tfU; 
hr-ce i* y rover of the nether s ar cf corn, for umaxl c, - t he so/t- 
v v at jff* otrtl? jo red. But since this is ev .r. acre tine of the 
variety test in field plats end ir the fields of co xrenal uPj 
♦hj * test of the individt al plant fertiliser bp pollen fme . group 
cf its felloes gives a nearly accurate measure cf lie per,or to 
dominate for good or ill in the variety niinre all "blood lines: are 
in constant contest with all heredity brourhi -'gether in the run ly 
recombined network of descent, 

Since nutations arc* yam 'uc ■ core valuable an prc---uu...t- 
ors of new species, varieties fad families than are near-prut ations, 
and since hyp, re .1 ally occur ml - ; r ’ r ur 1* irdr ', >e- U 


large numbers should he grom that by -.mlirainu 


■isivs 


methods those individuals aaong then shoeing th 1 rye at inc ividu 
variation along desired lines nay be . n:■■: ticeul; - feuxbrl. A 
careful choice from among these highly developed individual plants, 
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CJ1' i'i’G.iLuiH I’BBTIHU. 

fhe highly efficient inheritance or the plant froia & 
single floeu becomes a unit of interest, as does also the unit char¬ 
acter which may have value as one of the coordinated writs of the 
newly formed variety. Great importance attaches to the methods of 
growing large groups of individual plants bo that one plant may be 
compared with another plant; and of growing and comparing "fratern¬ 
ity groups", ao that the progeny of one individual plant may be* con- 
par ei with the progeny of another individual, thus to measure the 
breeding values, the projected breeding efficiency, the genetic 
power of the respective parent plants. It is necessary to deter¬ 
mine the respective breeding powers of individual plants as they 
express themselves in the average height, weight, quality, etc., of 
their progeny, as a matter preliminary to centgene r testing of 
recent nybrid stocks it is accessway also to know of the Vendelian 
unit characters of the parents and the facts as to how the respect¬ 
ive 'endelian character pairs may be segregated and recombined. On 
the other hand centgener testing of hybrids, as well as of stocks, 
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Selecting the best plants from a foundation bed. 
preparatory to the selection of meaner plants. 
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!t‘he function of 1 Iv brio ia ing . 

By selecting v„e find, existing values; by hybridising we 
seek t»u create new values, thus to broaden the field of selection. 
The function of hybridising or radical crossing, which is treateu 
more fully on pages to , usually is merely an occasional 
operation .in connection with the plant**breeding nuraery« benorally 
speaking it consumes relatively little tine, it is an especially 
delicate operation only in cases of v.ery small florets or floret; 
and Oliver and others arc no vising many ways of manipulation so as 
to successfully cross pollinate even very snail flowers. A dace's 
work spent at hybiudiain*;, often provides sufficient work a.’ nursery. 

r . [Uir* . ears of effort and much ex; enae. e& 

whole of the ti -e and expense in the field crop breed my; nursery 
cones under the various operations relatin'-; to set eel ions, as c.o 
all which come under field testing and in determining values t'rou^ 
the results secured in trie commercial use of new varieties. 

T3ie function of "crossing : or : hybridising" ia to create 
the occasional plant pceacd fur still higher inheritance v hues. 

When the .-acthods of selective elimination arc developed and iinoncod 
so that tue very strongest breeding plant xacy easily do iuuiyu and 
multiplied to ta .e the place of the -..hole variety, or even co make 
possible a new industry, creative hybridising will become a mighty 
factor in economies and in agronomic art and technology. 

A day’s work at flower!”.* time among the various crops 
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T<i readYSu in. the g:r*ot nij-h-f dice et: pe 
the flow*.re, E.i . 4 , veiLe, should o c not finalec Ide f '■.<•••■' dc... folic,,- 
imp. The aocond d<e -dll in nod in. v&neee also 1 . cafe, ■hrrfoet 
f rtilijSr. ’ io‘ •;< f ef ' te< even Itch a,r> t! c fo rth </.; , but 
such an extension' of i.t. :« to not to bo recc c.«nh 1 . 

In the <>re ...x*..tiori of eead, ;. site, or oanicle. for creep* 
pollination out. should •. a little Temege to ton flower*. "handled M 
as possible. vVitho...t atterc/ting to describe tb. eln M .te ieta.il of 
operating on each species, suffice xt to Sof tter, li e operator 
should first •elj.i.d.r ate all red leer tar -r" r United flex re, ell 
beards in rhotd, arid all flowers or farts of flowers not to bo 
"handled", which are seriously in die way and can be removed, with- 







109 


out injury to the flowers to be cross-pollinated. Use sharp scis¬ 
sors for this elimination so as to do as little damage as may be. 

The tweezers used should be forced gently between the glumes or 
other flower parts in quest of the anthers. If parts of the floral 
envelope have to be removed to operate properly, as in flax and 
barley, they should be removed with great care lest injury to the 
ovary or stigma should result. The same procedure and care should 
attend the insertion of the pollen. In times when the atmosphere 
is very dry, of drying winds, especially with some species, as in 
case of beans, very great care must be used not to seriously in¬ 
crease the exposure of the floral organs to either the drying of 
the air or to light. In Figures 2 and the instruments neces¬ 

sary for crossing and hybridizing field crops are shown. 

In selecting the two or more foundations for hybrids, the 
species, varieties, and strains or families should be selected with 
care, and superior plants should be chosen. Often these plants can 
be found in the field, in variety test plats, in nursery centgener 
plats, or in nursery foundation beds, or foundation beds can be 
planted that choice can clearly be made of superior plants to be 
parents of the hybrid stock, from which varietal stocks are to be 
separated out by selection. 

HUESIRY - C'EMTOmm PLAT TESTS ALD FIELD PLAT TESTS TO BE 
ACCURATE MUST BE REPEATED. 

The less expensive ethod of having only one plat in nurs¬ 
ery or field tests may be followed, but in many cases duplicate 
oentgener and field test plats are wise, whether in breeding corn, 
tobacco, wheat, clover, or other crops. 
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To avoid seasonal differences, favoring one strain as 
compared with others, the centgen r test should be carried through 
three or mors years. The expense can be reduced by throwing out 
stocks which fall hopelessly low in the first year, or in the first 
and second years. Likewise, in case of field-plat tests, which are 
sometimes duplicated the second and third years, some of the least 
valuable stocks can be eliminated at the end of the second or even 
after the first trial, 

PBEPAKATIOM OP LAND FOR PLANT BHUDI G FuRSSRY PLATS. 

It is very desirable, especially in breeding crops like 
wheat, corn, and flax, where "centgener" or other forms of statis¬ 
tical method is used, that land be secured which is very uniform so 
that each plat is like each other plat, and which is slightly more- 
productive than the lands on which the farmers who are to use the 
new varieties commercially grow them. After choosing for the breed¬ 
ing nursery the best available land it must be brought under a pro¬ 
per system of cultivation to prepare it for the necessary nursery 
plat tests. It is often best to have a sufficient number of fields 
or series of fields so that in two out of three years other crops 
which prepare the soil for the given nursery crop may be grown in 
rotation with the nursery crop. A given crop should not be grown 
in the field until the residual effects of the same kind of crop is 
no longer prominent in the soil. In some cases a nursery of one 
species cun be rotated with a nursery of another species. But more 
often the crops placed in the rotation with the given nursery crop 
should be those crops which when grown in a field way, ase known to 
prepare the soil for good yields of that crop which is to occupy 


m 


Fig. A cotton disc used in working up the soil for 
planting centgener heds. Hota that an alley is left. All work 
upon the heds is done from this alley so as to obviate the horse 
stepping on the bed. A footprint on a foundation bed would create 
uneven physical conditions and t e ref ore an unreliable variation 
among the plants, which would impair proper selection of superior 

mother plants. Centgennr planting machine in the background. 
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( ave asked Ayer for photo) 


Fig.// Hoeing and raking nursery beds to make them smooth 
and level, so as to secure uniform depth and compactness of soils 
about the seeds that germination ma: be uniform in all plats. 




the nursery. 11th one or better two intervening years of green 
manure crops, or ©van commercial fertilizers can be applied. The 
application of barnyard manure can be rade uniform only with the 
greatest difficulty and even commercial fertilizers can be applied 
so as to give each centgener plat its exact share only with great 
care. Where the land is to be prepared for foundation beds, as of 
wheat, it is not desirable to have the land made ununiform the pre¬ 
vious year by large plants like corn which have locally affected 
the uniformity of soil conditions. The rotation shown in 7igur«jpjgj£- 
adopted for use at the Minnesota Experiment Station, illustrates 
how a seven-year rotation is utilized to accommodate the corn nurs¬ 
ery, winter wheat nursery, and nursery of spring crops. 

SELECTI G MOTHER PLANTS. 

Seeking mutating mother plants combines art and science. 

In case of field crops immense numbers can best be compassed by 
some such methods as follows: 

(a) Plant the parent variety in a very large plat or 
field under ordinary good field conditions. 

(b) When ripe select frora strong appearing heavy yielding 
plants thousands or tens of thousands of heads, spikes or panicles, 
being careful not to choose store than one froraeach parent plant. 

{c5 Plant a hill plat, a hill row, a drill plat or a 
drill row centgemr from each of the chosen heads, spikes or panic¬ 
les. 

(d) When ripe, upon inspection, discard all which are 
clearly not proraising. Harvest the promising cantgener plats, 
thresh and clean the seeds, in some cases weighing for quantity and 
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grading for quality, and discard all but that one to ten percent 
which give promise of excellence. In this way this first selection 
covers the broadest possible number of select plants, giving to 
each an opportunity to show its breeding power in a centgener test. 
It also insures a goodly number, usually hundreds, which prove 
their right to further tests of their genetic values as progenitors 
of varieties. Much depends upon the breadth of the basis from 
large numbers of select plants used as mothers of centgener plate, 
that the best mutating plants may be secured. This is next in im¬ 
portance to the selection of superior foundation stocks. 

F0UHDATI01I BEDS. 

Plants to be used as parents of hybrids, or as mothers of 
pure-bred or hybrid centgener nursery plats, can frequently best be 
selected from fields, but in many cases it is necessary to plant 
foundation beds, that those individuals which compete most strongly 
under crowded conditions or become the most highly developed under 
conditions equal for all individual plants may be there selected. 

In some cases these foundation beds may be small and the seeds 
planted so thickly that those fittest to survive under very adverse 
conditions are chosen; or they may be so planted that each plant 
has the same area of soil as each other plant or even a larger area. 
In some cases, as with corn, wheat, rye, and barley, where it is 
not practicable to transplant the young seedlings to the larger beds 
which give each plant sufficient room to .develop to maturity, thus 
to allot to it the same room as to each ot her plant, the large 
nursery foundation plat is often useful. Dr. Von Tschermak of 
Austria with much care in sep rating the straws at the root so as 



115 


to secure all culms spring from a given seed, avoids the use of the 
foundation bed, and thus secures in case of wheat, oats, barley and 
rye select plants grown in the irrigularly planted conditions of 
drilled or "broadcasted grain in the ordinary field, and uses these 
as mothers of centgeners. 

In case of timothy, brorne grase, and other thickly plant¬ 
ed perennials, the foundation bed is so etimes useful, that a large 
number of plants may be grown from the mixed seed of the variety 
under conditions which enable the breeder to study the individual¬ 
ity of each plant when growing unerased in a hill by itself. This 
is rather expensive, however, and as a rule it would seem.the better 
part of wisdom to select spikes, panicles, or heads from vigorous 
stools or plants, and enter these at once into small centgener row- 
plats, thus in one or two years to eliminate all but the few with 
high breeding efficiency and utilise the bulk of the available 
labor and means on the relatively few stocks which at once by their 
genetic vigor in centgener plats give promise of usefulness. 

Formal investigations are needed to determine the number 
of select individuals it is necessary to subject to centgener tests 
in each species and under each condition, as to narrowness or breadth 
of breeding, within the established variety or within the recently 
hybridized stock, Iven where ears, spikes, panicles or heads chos¬ 
en from superior mother plants are used in planting centgener plats, 
the labor can in.sore cases be minimized in making the first elimin¬ 
ation bv planting in centgener drill rows, discarding all but the 
few meet promising, and then selecti g ears, spikes, panicles, or 
heads, as the case may be, from among the plants of those respect- 


ire rows. In case of such plants as timothy, potatoes and white 
clover, it seems hast to plant the seeds in very small plats, or 
even in greenhouse plats; and to transplant to the foundation "beds, 
where each can he given ample room, only those plants which show 
the vigor to shoot at once above their fellow seedlings. 









/ 
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Pig. £3-. A label stake ade of one half of a 4-foot lath 
and a card as used in designating centgeners in the nursery. The 
1-06-30 designates the kind of breeding (I stands for straight se¬ 
lection, II would wean that the stock is a hybrid./ the 06 ic the 
year in which the mother plant was selected, and the 30 is the nursi 
ery stock number, H.S.Nc. under that year of wheat. The 4001 is 
the particular centgemr number. Below this is the name. The num¬ 
ber 973 is the Minnesota accession number, 973, still further ab¬ 
breviated into merely the number-name, Minn.Ho.973. 
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Place a for Recording; Holes . 

The places for recording notea in the 'breeding of plants 
should;provide for accuracy, safety, ease in referring to desired 
items, facility in the tracing of pedigrees of notes and of nursery 
strains and varieties from year to year, and should he easily used 
in connection with marking seed stocks, or individual plants, in 
the laboratory, in the seed house, or in the nursery and fields; 
and should easily be read on the stake labels which mark the grow¬ 
ing plants. They should be adapted also to use in distributing new 
varieties to growers, and to use by seed firms in their catalogues 
and in trade correspondence. The following is a list of the record 
books, etc, which have long satisfactorily stood the test of use in 
breeding field crops at the Kin esota Experiment Station. 

Books: 


Books substantially bound in half leather, 150 to 
300 pages, each page 8-1/2 x 13-1/2 inches rules to about 40 
lines, and used in series, with notes consecutively arranged. 

(a) Accession Book: a book for newly introduced varie¬ 
ties of each species or each group of species, the stocks of 
seeds to be entered successively as received from the breeding 
nursery or by introduction, as Minn.Bo.1, Wheat, Minn.Ho.2 
Wheat, Minn.So.3 Wheat; Minn,So.1 Corn, Minn.Ho.2 Corn, Minn. 
Ho.3 Corn, etc. See Fig.14. 

(b) Buraery Yearbook: in this are recorded all facts 
concerning foundation beds, centgen«r plots, and other nursery 
plats; in series by years: Mursery Year Book, 1908; B.Y.B. 
1909; B.Y.B., 1910; etc. 

(c) Field Yearbook: in this are recorded the planting, 
field thrashing, and general laboratory notes of the variety 
tests. In sreries of years: Field Year Book, 1906; P. Y. Book 
1907; F. Y. Book 1908; etc. See Fig.15, blank form in Minne¬ 
sota Field Year Book on which to record variety tests of wheat 

Loo s e Leaf Records and Blank Forms : 

A loose leaf system is also used for such portion of 
of the records as best lend themselves to loose sheets. (See 

PP. ). 
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(a) # Cards or loose sheets, ordinary "business letter sheet 
size 8-1/2 x 11 inches, or other suitable uniform else. "When 
desired, punched to fit vertical filing cases, ••'ay be ruled 
with blank forms adapted to recording and summarising records. 

(See pp. ). 

(b) Blank forms mimeographed or printed on the outside of 
envelopes, as envelopes 6x9 inches in size, used as seed 
packets for harvested seed heads. These are made upon special 
order of tough linen paoer and carefully glued with special 
glue which will withstand damp weather. '(See pp. ) 

(c) Ledger sheets especially ruled for tabulating records 

of yields, laboratory tests, etc. (See pp. ). 

Label Cards : 

Label cards 2x4 inches, to go in label holders on 
l/2 bushel iron boxes, or to be fastened by tacks on stakes in 
the field. The cards are made of card board, marked with stub 
pen using India ink; and if for outdoor use dipped in melted 
paraffine of good quality (70 / hard). (See pp. ). 

Stakes : 

(a) Stakes 1x4 inches or 1 x 6 inches and two to five 
feet long with letters painted on, or with paraffine cards 
tacked on, are used to mark nursery series, field variety test 
plats, increase plats, fields of grain, forage or root crops. 
(See p. ) 

(b) Stakes of lath, two or four feet long, with cards 
tacked to the stakes for the small h.rsery and field plats are 
inexpensive and very convenient. (See i’ig.13, p. ) 

Seed Distribution Records : 

In these are recorded the general facts concerning the 
distribution of valuable new varieties, giving addresses, dates, 
amounts, and varieties and providing for results of reports 
from those who become station cooperators by growing the new 
pure-bred varieties for sale. 

(a) Card index lists of persons recommended as growers 
of pedigreed seeds; with headings for keeping a record of va¬ 
rieties sold them, and their efficiency as distributors of 

pedigreed seeds and plants. (See ) 

(b) Loose-leaf scheme of keeping an account up to date 

of stocks on hand and available for distribution of each varie¬ 
ty. (See ) 





Pig. 4^. '’Wheat Acce. sion Book", open on the left hand; 
and "Field Year Book", closed on the right. 

(Retouch on side of houke) 


Field 

Year Book 
1907 . 
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(c) Triplicate "blank seed order "books: with one order to 
be retained by the seller, one to go to the transportation com¬ 
pany, and one to go from seller to "purchaser &s a receipted 
bill. (See 'fig. 16). 

(d) Blank forms to be supplied to growers, that they may 
systematically* comply with request to give results from com¬ 
paring new varieties with other varieties grown under the same 
conditions. 

Record s of Theoretical Experiments : 

The arrangement of plats and the numbering system 
of stocks, individual plants, nursery plats, and field plats 
herein given may be advantageously used in many theoretical 
experiments. In many cases the blank forms provided for the 
work of producing can be used in the theoretical investigations 
Such other blank forms and systems of records as are needed 
for each experiment will best be devised by the experimenter 
for each specific line or inquiry, 

Professor C. A. Zavita of Ontario Agricultural College 

them 

keeps his notes on sheets of foolscap size, and simply ties togeth¬ 
er at the upper left hand corner with a metal fastener. To protect 
these when carried to the field he has flat tin boxes into which 
they may be laid. The boxes are in inch thick with covers with 
rims fitting down over the sides, thus protecting the papers in 
case of a sudden rain storm. 
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(In draughting room.) 











Foundation Brcedin," Stueke . 

The plant breeder should secure as his basis for founda¬ 
tions of new varieties the very best available kinds of a given 
species. In many instances more than half the gain to be.made bl 
the breeder within the first decades comas from securing superior 
varieties to start with. .In very many cases the best available 
foundation stocks have been already introduced and are to be found 
in the region in which the improved plants are to be produced. On 
the other hand, the locality should not be alone depended upon for 
stocks to bewin with, but both local and Imported varieties should 
be secured and placed in variety field teats, that those yielding 
most value may be secured. 

The ways and means for introducing into new localities 
varieties from other states or from foreign countries have been so 
well organized by the offices of Foreign Seed and Plant Introduc¬ 
tion, and Seed Distribution, of the United States Department of 
Agriculture, in cooperation with the State experiment station and 
other agencies concerned with plant improvement that any experiment¬ 
er desiring to secure new stocks from any part of the world need 
have no serious difficulty in doing so, provided he can show that 
suggested importations are likely to lead to important results. 

The experimenter should make a most careful study of the 
varieties already sue ceeding in the region for which he desires to 
produce forms of improved plants. He should learn of their economic 
characteristics, and of the lines in which improvements are needed 
to better meet the conditions of soil, climate, method of cultiva¬ 
tion and uses; so as to secure larger yields and less expensive 
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methods of production, also to moke improver.ants In the quality of 
, a r to ada to : 

correspondence, and possibly by travel, a«d by asking 
for the assistance of those public agencies devoted to plant intro¬ 
duction, facts can he .learned as to the existence in other regions 
with similar conditions of climate and soil of promai’ig varieties 
of the same species, gone of these r.,g> at once prove better for 
use; labile others may nerve as foundation stocks from which superior 
selections may he made. They may also serve for hybridizing with 
common varieties, or among themselves, to thus produce hybrids from 
among which may be selected parent plants of even higher value than 
those to he secured from among the plants in the original varieties. 
In seeking foundation varieties it is often wise to seek those which 


have some special quality which other foundation stocks lack, that, 
by hybridizing, the desirable characters of the two may be racom¬ 
bined into one new variety. The discoveries of Mendel and others 
who have used his methods of investigation have greatly increased a 
faith in ultimate achievements through hybridization. 'While these 
discoveries have not relieved us of the necessity of producing very 
large numbers of a given hybrid in order to secure the one, or the 
few, parent plants which combine with grtfat individual excellence 
the power to project the new values through their progeny into a 
valuable variety or breed, yet they both increase our hope and 
doubly assure us that the newly created combinations may be as sta¬ 
ble as were the old varieties. The results of these researches also 
.lead us to hope for i light from further investigations In the 
lavs of heredity. 


Vary often the person or institution starting into the 
breeding of a given species of field crop can best start vith a va¬ 
riety, or even an excellent mongrel stock known to do well on his 
own farm or in the fields of other farmers in the vicinity. With 
this he can gain ex: erionce and often from it he will produce the 
first improved stocks worthy of sale and distribution. Other pro¬ 
mising varieties should also he secured at the beginning and grown 
in competition; that in a few years the best may be chosen as foun¬ 
dation stocks. In case of an open pollenated species, as corn, the 
farmer or institution with only a moderate sized farm should gener¬ 
ally limit the breeding ,o a single variety; but in case of species 
reproduced vegetatively or by self fertilised seeds numerous varie¬ 
ties can be carried forward without the nixing of their pollen. 

The United States Department of Agriculture, the State 
Experiment Stations, committees of State and national breeders’ 
associations, and experts in the bread inf.: of the respective species 
are ever ready to respond to requests for advice as to how fcc secure 


foundation varieties with which to begin breeding, or varieties to 
be used In hybridising. The Office of Seed and Plant Introduction 
of the Bureau of Plant Industry of the United States Department of 
Agriculture is equipped to serve breeders in securing from any part 
of this country or of the world stocks needed in plant breeding. 

The breeder should make wide inquiry for facts as to 


breeding each species which he .proposes to improve, and it is often 
v-ise to collect %nd to grow in small plats numerous varieties of 
the species with which work is being done, that the habits and limi¬ 


tations of its various forms may be known In many cases prelimin- 
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hybridising should be do 10 to beco 
charaoter pairs and the v;. ; xy in whi 


>e thoroughly acqti ain't ed with 
eh characters may be recom¬ 


bined, an well as to gain manual dexterity In handling then. The 
'.i ork of dfttc.:miimng character pa.xr& . uicl t.-ieir ro co.- - xoXnut i op i >.• 3 
idly oeC'oxiixXig so jjs^orcant that putxic ugencie *■> £ox po r a o xt.* a ng 
these preliminary analytical genetic studies arid recording all prov¬ 
en recombinations in animals as well as in plants should be aatab- 
liahed under some central authority, such as the Bureau of Biologic¬ 
al Survey of the United States Department of .Agriculture. 

In -man;/ cases expert breeders cm, and will, freely give 
moot valuable advice aa to why one variety or group of varieties 
promises very much better to serve the breeder* s particular pur¬ 


poses than other varieties. 

And the testing of varieties to determine which promises 
to be the best foundation stock, should be thorough as to care in 
giving each variety under trial an equal chance with the others, 
nd the testing should be continued sufficiently long to give defin¬ 
ite comparisons. Often a variety is so modified b "place effect" 
that the yields and quality from trial the first year should not be 
considered. Three years tests with seeds of annual crocs grown in 
the vicinity will Usually determine differences in value, and mark¬ 
ed differences can often be determined at once, so that no further 
expense need be wasted upon varieties clearly not useful. Thus in 
many cases the seeds of newly introduced varieties aav be grown the 
first year; and the real tests be made the second, third and fourth 
years, vany varieties will be discarded the second year, and even 
some will do so poorly the first year that they need net bo entered 







into the regular ter>to. The tbird year still other! can be discard¬ 
ed; and, hissed upon the avert. of three regular tests, the choice 
of varieties to be need as foundation stocks way be chosen at the 
end of the fourth year. 

In case of open j. alienated species—as corn, cotton, 
clover, rya, etc—the seeds grown in adjacent field test plats can 
not b® used to plant the plate the next year, because of crossing 


among the plats. In this cdf'e the breeder should grow each variety 
on a separate field, or have it grown on another farm in the neigh¬ 
borhood, that uncrossed seeds grown in the neighborhood nay be 

available for planting the variety test plats; and, if needed later, 
from which to multiply for distribution the variety which proves 

best. In many species as clover and rye, the seeds locally grown 

* 

the first year can be preserved in a dry place sc as to serve in 
planting the variety test plats for the three successive years 
without the expense of seeding a separate field each year. On the 
other hand, in case of an excellent variety, a neighboring farmer 


will often be found who is willing to profit from growing a superi¬ 
or new variety from which the breeder desires fresh seed annually. 

Choose Well-hevelopeu Hata«r than Primitive forms . 

Breeders who choosa wild and primitive forms as their 
main foundation often make a Mistake, especi illy if they seek quick 
returns for their labor, where results must quickly accrue to Jus¬ 
tify the expense, it is generally wise to choose tiiat variety common¬ 
ly grown in the vicinity and. make improvement in it by selection; 

very 

and also to choo.se two similar good varieties and hybridise those, 


and by selection find the best blood in the new hybrid; and thus, 
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lie created, and varieties ja&i be developed which will ni.ha possible 
the production of a crop heretofore inpoosible under a given condi¬ 
tion, or 'will have yualitiwa from which ne'.< cosa erciul products may 
os iaod.6. ili.vis some breeders oelreve tney can produce a envy yicltt* 
iug hulls»s oats, possibly with aneeiew. flavor, to ho uaoa in mak¬ 
ing oatneal. Varieties of flax have “been produced T.hich grow t.fll 
enough to produce long line fiber upon which to owtahlish a linen 
inauotoy in regions t -o dry produce long flax fiber with the hereto¬ 
fore ot-visti :g varieties, "he Vilnorins and their euoceasora so in¬ 
creased the percentage of sugar in the sap of couuon beets and the 
> iold that a great sugar beet industry has resulted. It eeexufi 
possible to produce red clover which will thrive under the warm 
climate of some Southern states, vid cowpOr*a which will ripen seeds 
and thus he a practical ha;.- crop far to the north. Dent, varieties 
of corn are being developed for cold regions north of the corn belt 
and alfalfa for humid regions in the Santern efatca. 
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Receiving. Buraberlng and Staining Stocks . 

A good system for numbering stocks of varieties is import¬ 
ant . There is a strange fatality in the mixing of seeds of varie¬ 
ties where two or more kinds of a given crop are raised on a farm, 
farmers who grow two or more kinds of any grain hare great trouble 
in keeping names from being wrongly placed, especially of varieties 
similar in appearance. Seed dealers and private breeders of pure¬ 
bred plants have much trouble in accurately keeping all their plants 
and seeds correctly labeled, so that only those true to name may be 
supplied to their customers. Public agencies which import, breed 
and distribute plants are under the greatest necessity of accuracy 
in sending out only seeds and plants true to name and true to de¬ 
scribed types. Great care is needed also to avoid the introduction 
of new diseases and new species of weeds. There is necessity in 
experiment stations of being sure that varieties tested and report¬ 
ed upon are true to the names under which they are tested. 

The system of number records hereinafter described was de¬ 
vised under the needs of the work of importing new stocks and of 
breeding, testing, and distributing imported and newly originated 
selected and hybrid varieties of about twenty species. It contem¬ 
plates the use of bound books with fixed leaves, such as invoice or 
"accession" books, "field year books", "nursery year books", and 
"variety ledger books", mentioned above, which serve as keys to all 
records of varieties, plats and laboratory tests, and to all his¬ 
tories of accessions and to all stocks distributed. It provides 
also th t the bulk of all current notes, records, tabulations, and 
summaries be recorded under the loose card or vertical filing ays- 




130 


tern. 

The plan here presented, after haring been in the forma- 
tire stage for a decade, has now been in extensive use for a decade 
without further material modification.! Other plant breeders work¬ 
ing with other-classes of cro ss have developed oth r systems suited 
to their iseds. It is hoped that these may also be published. The 
plan here outlined forms part of the basal part of a system of book¬ 
keeping in breeding and highly accrediting new plants. Many of its 
elements ere originally drawn more from animal breeding than from 
plant breeding, and the comprehensive modifications here developed 
will in turn be of value in better organising record keeping in 
animal breeding. It has many elements useful in keeping records of 
theoretical studies of heredity in plants, animals, and men. More 
comprehensive and simpler number systems of records in animal breed¬ 
ing and in human genealogies are much needed. 

It is believed that the plan here outlined has in it many 
of the elements needed in a general system for permanent use in 
breeding all the species of plants, and in animal pedigree records, 
and also in human genealogies. It recognises the individual as the 
unit, and provides means for tracing lineages of all families, 
strains, varieties, and breeds, regardless of their origin. In 
plant breeding It provides a simple means of following the progeny 
of a single parent plant, of a group of parent plants, and of the 
resulting varieties, as they pass through the steps in the nursery 
breeding to field trials and to distribution to growers. In also 
conversely provides means of marking the "invoice" brought into the 
establishment from the outside or from other plant breeding nursery, 
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and of so recording the cultural and breeding record of each stock, 
that all references may easily be traced, back to the exact histori¬ 
cal invoice as entered in the "accession book", or to the parent 
plant in the plant or plants breeding nursery.from which the new 
variety descended. 

But most important of all is that it supplies a method of 
recording the "projected breeding efficiency" of each plant used as 
a parent, by providing a plan of records of the average value of 
the progeny of the respective parent plants whose progeny are under 
comparison; and of recording the average value of each resulting 
new variety tested in the field and factory. It was devised to en¬ 
able the breeder to use systematically and effectively centgener 
tests and variety tests both in discovering the strains with high 
values, and to supply organized and highly authenticated records to 
be used in distributing varieties with proven values. Only in very 
rare cases in recent years has it been found necessary to modify 
the system to meet new conditions. 

Giving Varieties "Accession Book" lumbers . 

Varieties secured from outside sources are called "acces¬ 
sioned varieties"; varieties originating in the nursery, if origin¬ 
ated by some form of selection without bringing in other blood, are 
called "selected varieties"; varieties originated by first produc¬ 
ing hybrid stocks and then selecting out the valuable strains which 
in the nursery have gained the right to advancement to field tests 
are called "Hybrid Varieties". These are all given variety numbers 
in the "accession books", each variety taking the next consecutive 
place in the numerical series of the species. The sources and other 
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facts concerning these varieties are recorded in the variety acces¬ 
sion hook as shown in Table , The accession numbers, and the 
historical nursery numbers of newly bred varieties, in these Varie¬ 
ty Accession Books are clearly connected by means of reference num¬ 
bers with the records in the Field Year Books and the Nursery Year 
Books mentioned in other pages. 

Accessions from outside sources and new varieties intro¬ 
duced from the plant breeding nursery are thus entered in separate 
books called "Wheat, Minn,Accession Book"; "Corn, Minn.Accession 
Book", "Bromus, N.Dak.Accession Book"; "Flax, N,Dak. Ac cession Book"; 
or "Barley, Wis.Accession Book", etc, as adapted to use in the re¬ 
spective state experiment stations. This plan contemplates that an. 
accession book shall be kept by each firm or experiment station, or 
even by each bureau or division, and that each species of crop shall 
have a series of numbers beginning at unity, thus: " ’inn.No.I corn" 

"Minn. Ho.2 corn,” etc In case of the state experiment stations, 

# 

the names of the State, abbreviated as above, have been found very 
convenient to designate the accession books and the numbers of the 
respective varieties. If large numbers are to be dealt with, it is 
wise to have a separate book for each species. Sometimes it is 
convenient to have the book containing the records of one species 
in one room or in the field, and the records of another species in 
another place, as two persons may need records at the same time, 

Bata Recorded in Accession Books . 

In the accession book goner 1 facts as to source, name, 
date of accession, etc, are placed in tabular form; also a form is 
provided unaer which the varieties may be specifically described. 
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See sample pages, Table . In addition to this, descriptive 
cards, like that outlined by Fr. C. S. Scofield, for wheat in Bulle¬ 
tin 47 of the Bureau of Plant Industry, United States Deportment of 
Agriculture, also like those devised b^ Fr. W, W, Tracy of the same 
bureau, for vegetables, are being used to advantage with each spe¬ 
cies . 

It is very convenient to have .these notes in the Accession* 
Book where they are not on loose blanks and where they may be some¬ 


times 




pa. 


(In draughting room) 
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used for reference in the seed storehouse and in the field. She 

Accession Book with fixed leaves thus serves as a key to all files, 

whether in hooks or in vertical fill- g systems and for this reason 

this one set of records should he in hound hooks. The technical 

preferably 

description cards may also be carried to the field, if necessary,/ 

protected by tin box covers, as mentioned on page . Vaults 
for storing and great care In protecting hooks whan not in use, at 
experiment stations, are necessary to i sure the preservation of 
these notes, which beco: a the authentic pedigree* of varieties, 
some of which prove themselves worth many millions of dollars. The 
briefer description in the accession hook may be uade up from notes 
recorded on. technics! descript ion cards i , the supplemental loose 
card Vertical filing system. 

If ASHER OS’ PLAHTI1J0 SURSEKf PLATS. 

The beet depth to plant seeds in the foundation beds and 
in the cent gene r plats in the plant bread! og nursery, -whether broad¬ 
cast in drillt-, in hill rows .or in hill plate, the amount of seed 
per acre, the distance apart for the hills, the number of hills in 
the f oundat ion bed and in the eanigenwe plat, and the width for 
alleys about the plats, are matters of detail which experience has 
at least partially determined for a number of species. The follow¬ 
ing table will serve as a preliminary guide to the beginner in cane 
of species with most of which the writers have had experience in 
Minnesota. 
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Table 4 . Depths and Distances for Planting Hills in Hursexy, 
Centgener Plats and foundation Beds 
When Single Plant Hill Planting is used, also 
Amount of Seed Soto vrhen Broadcasted in 

Fields/ 


Crop . 

: Depth. 

» 

# 

* 

4 

• 

# 

* 

:Seed per: 
:&crc, i 
:drilled 

:or broad:! 

: easted. :f 

* 4 

Distance apart :Width of 

when thinned to one alleys 
plant per hill. :between . 

: centgener 
: tows or 
hplMM 


Inches, 

Pounds. | 


India 

iB. 



Inches. 

Alfalfa 

1 to 

2 

15 to 2<f 

24 

X 

24 




48 

Cotton 

2 

3 

# * # * * * * •■'l 

la 

X 

45 




# • 

Barley 

2 

3 

12C| 

4 

X 

4 

to 

6x6 

30 

Beans, field 


3 

£ 

18 

X 

13 




36 

Beans, soy 

2 

3 

* * * »«•«• 

18 

X 

18 




36 

Beets, mangel 

1 

2 


2 s 

X 

10 




28 

Beets, sugar 

1 

2 


, 20 

X 

8 




20 

Beets mother roots 

a 


*«*»*»*** 

36 

X 

36 




20 

Bromus 

1 


18 ' 24 

38 

X 

30 




' 12 

Suc'xwheat 

2 

3 

« * * * * * * * 

6 

X 

6 




4 *■ 

Clover, air,ike 

1 

2 

3 5 

24 

X 

24 




48 * 

Clover, crimson 

1 

2 


24 

X 

24 




48 

Clover, red 

1 

2 

6 16 

24 

X 

24 




48 

Clover, white 

1 


3 4 

60 

X 

60 




10 

Corn 

2 

4 


42 

X 

18 

to 

48 x 

24 

42 

Flax, for fiber 

1 

3 

3 4 4 0 

4 

X 

4 

to 

5 x 

5 

120 

Flax, for seed 

1 

3 

120 160 

4 

X 

4 

to 

5 x 

5 

120 

Hemp, for fiber 

2 

3 

# # •* *■ *■ * * 

3 

X 

8 

to 

12 x 

12 

30 

Hemp, for seed 

2 

3 


8 

X 

8 

to 

12 x 

12 

30 




also 6 or 8 seeds 

in 

Mils 

5 

x ? 

Ky .Blue ' Grass 

1/2 


2c 30 

36 

X 

36 




60 

Millet 

1 

3 

«**•»»« * 

4 

X 

' 4 

to 

6 X 

6 

b 

Oats 

2 

3 

64 90 

4 

X 

4 

to 

8 x 

6 

30 

Tobacco 

m * ,, , 

, # 


42 

X 

la 




43 

Peas, cow 

2 

4 

*«•**•»* 

36 

X 

36 




60 

Peas, field 

o 

5 

120 150 

36 

X 

36 




60 

Pumpkins 

2 

3 

*« **«>.«*.» 

96 

X 

64 




180 

Bye 

2 

3 

120 140 

4 

X 

4 

to 

6 x 

6 

120 

Sorghum 

2 

3 


42 

X 

6 




* * «* 

Timothy 

1 

2 

10 12 

ia 

X 

18 




60 

Wheat 

2 

3 

75 120 

4 

X 

4 

to 

6 x 

6 

30 


a Mother beets should have top carefully twisted off, 

not cut, and crown should be left well above ground in planting out 

the root in spring. 


b Alternate wit!" plats of spring grain or flax, go as 
to avoid much cross pollinating. 


(Send a copy to each specialist for revision and comple¬ 
tion of amounts, etc.) 
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Planting Cent gen or Plats.. 

In breeding many species there is great advantage and. 
even necessity in so planting that the individual plants, the pro¬ 
duct of single seeds, he each placed in a separate hill, that each 
plant may he under similar conditions and may be separately studied 
and harvested, -aid its values recorded, Pot only is it deni red tin t 
the individuality of th respective Plante, .11 grown ursd~r 
opportunities, may b*c me asur^i and recorded; but it is highly &e- 
- th« Ian A« for 00 lantii • .. . roup, an 100 

plants, more or less, from each mother plant of wheat, com, tobac¬ 
co, sugar beet or other variety, that the value of the average pro¬ 
geny may be secured as-& measure of tns v.-JLue of the inheritance of 
the respective mothers. The word centgencr, of one birth, and the 
expressions centgener tests and centgencr values were devised to 
crystallise the idea.of thus testing and recording the power of 
individual plants to project their ov;n values into their 'orogeny, 
tv.at those with highest projected efficiency along the desired line 
might thus be sought- out and. their blood used in making new varie- 
tiea. a In other words, a plan of planting, nitebering ai - recording 

facts and values is necessary under which records may he cade of 
the performance of individuals -aid also of the breeding yover of 
individuals. . Species differ so widely in the room required for 
each plant; in the depth to which the seeds should be planted; in 
the time'of planting; in the time of flowering; whether open pollin¬ 
ated, insect pollinated, or self pollinated*, as to whether propa¬ 
gated by different vegetative parts collectively called "clous", 

a Since the use of the word centgener is often taken too 
literally, see Glossary, page * . 
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fig.18, Surgery Cwntgenor Planting Machine. One as an eit» 
on the sa.chine holding in one hand a vessel containing the selected 
ese:;. for the foundation or the centgener plats. With the other 
hand he places one seed in each of the 14 cups carried on a long 
frame. he tips the frame over, depositing k seed in each of the 14 
funnel tubes which extend, a fev< inches into the soil. After the 
row cf 14 seeds has been dropped through the tubes the attendant 
with the lever draws the machine forward 4 inches; the tubes 4 
inches apart and the 4-inch, forward movement of the machine thus 
cause the s ?eds to be planted in squares, one seed in a. hill, with 
the rows 4 inches apart each way. The machine can be built with 
any desired width between the check-rowed hills. An. 8-inch machine 
is now used in Colorado, but generally 4 or 5 inch machines are 
preferred. The truck can be built of 2 x 10 plank in short sections 
which are easily carried forward, and should be provided with stakes 
at the foremost end. 


(Ask Kayaar to supply description of their Improvement.) 
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Fig. 19. Ten tod .wursery Cen tgenur Planting Machine. This 
is the earns machine as aho«m in Fig.18, with, the addition of a can¬ 
vas CvV«r» Since there is great difficulty even with one or more 
o? the -e machines to rapidly plant Ik rge nurseries at the moat sea* 
sonabXw time, it is desired to plant during windy as well as during 
calm days. The cover makes it possible to keep the force of helpers 
busy during all days when the soil is not too wet. 

Specifications for making this machine can he secured 
upon application. It is now in use at a number of experiment star* 
tio/ia and private seed breeding establishments, and is constantly 
being improved upon. Any one wishing to build one, or to have one 
built should have advantage of the latest improvements. Having 
been devised with the aid of public money, it is not patentable, 
but id public property. 
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Fig,20. Perforated Cantgener Planting Frame. With a 
small stick the seed, one of which is dropped in each hope, ie 
thrust to the desired depth. 


l 
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Fig. . Foundation bed planted one seed in a hill by 
means of the centgen•r planting achine, showing two outer rows cut 
away, thus limiting the selection of '..-’.other plants to the ten in¬ 
side rows. 
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In draughting room. 





or seminally by seeds; whether biennial, or perennial; and 


also in required methods of cultivation, use, etc,, that each spe¬ 
cies must be separately studied ana a practical method of plant 
breeding worked out for it. 


I'll! Plant 1 n r; Often Desirable . 

In such crops as wheat, oats, flax, etc., the effort when 
placing one plant in a hill has been to have the plants in the nurs¬ 


ery at that distance apart which is best for a very good crop plant¬ 
ed under field conditions. In ease of foundation beds from which 
to secure high-yielding mother plants it is necessary to have each 
plant given sufficient room that it may produce an abundance of 


seed to plant the next year a contgenor plat of the desired size. 
In some cases, where it is desirable to crowd closely foundation 


beds or to choose mother plants from thickly planted fields, it is 
necessary to multiply the seeds from a given chosen mother plant 
for a year to secure a sufficient supply to plant a centgenor plat, 


especially if it is desired to reserve a portion of the seeds, as 
in the case of some open pollinated species. In case of some open 
pollinate! species, aa corn, where crossing in the nursery cannot 
be avoided, seeds from 'the original mother may bo reserved to plant 
the centgenor plats for the two or three successive years; and yet 
another portion of the original may be reserved pure to be finally 
separately planted and multiplied from any mother plant the seeds 
of which are proven of especial value. In case of such crops as 


peas, it is often necessary to plant much further apart in nursery 
plats than would be ordinarily desirable because of the fact that 
they are inclined to twine together and would make note taking and 
harvesting separately wellnigh impossible. 
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Head to Drill Row Often le one mical . 

On the other hand, as shown hy Sort or. and others, the 
best way with many crops is to start with a single head, panicle or 
spile selected in the field from each of man;, mother plants, plant¬ 
ing "very short cent gen or drill-res s or hill-rows, or even a hill- 
plat centgener plats. This plan often has the advantage of provid¬ 
ing the widest possible basis for the selection of mother plants, 
that is, the entire field from which the mother plants arc chosen, 
and at once puts to the centgenvr test in a moft simple end inex¬ 
pensive way large numbers of mother plants. Thus the first year 
ten thousand superior heads of wheat can be chosen from as many 
plants in a strong field of standard wheat or from a rather newly 
created hybrid stock, and the second year in five-foot drill rows 
the seeds from all but a few hundred of these nursery stocks can be 
discarded upon inspection. Seeds from these reserved nursery stocks 
can then be placed in centgener competition in 17-foot hill rows or 
17-foot drill-rows for two or three years, the best stocks to be 
taken forward to field test plats. 

Border Rows and Cress Alleys . 

In foundation beds and sometimes in centgener plats, more 
es eci&lly in theoretical experiments, it is often desirable to 
have border rows which can be removed, thus eliminating border 
plants which have more room than those in the interior of the plat 
but which serve while growing to create uniformity of conditions 
withih the plat. In foundation beds of wheat and other grains 

1 

planted 14 rows wide, two rows can be harvested from the edge of 

the outer sides of the plat before beginning to eliminate for the 







Light 


- ig 
circles 


13. Sc ho:u- of slanting wheat in field ere.; nursery, 
represent plants of the variety under experimentation 


Lari:' circles represent :: o rv,:e of another kind of wheat called 
"border rows”, separating the plots from the alleys and from each 
other. Where there is no special reason to have a different varie¬ 
ty the border rows and the t«o cross rows A to A and B to B between 
plats are planted of thw aaue variety as the plats, and may or may 
not be cut out before harvesting the plat. 


In experiments on the theory of 


selection of the "beat individuals, 
breeding it is nonetines found convenient to plant 12 instead of 10 
rows across the plat in each cent goner,- plat, that the last two rows 
may ba clipped out when the plants arejripened, thus leaving cross 
alleys between the plats that each little plat nay stand out defin¬ 
itely by itself, making note taking much easier and the comparison 
of one plat with another more accurate. See 7ig. 


The System Easily Learned and Useful . 

Assistants, foremen, students and workmen have readily 
learned the system of planting herein outlined, and it has served 
as the basis of the very helpful bookkeeping .method keeping record 
of an extensive system of work on Minnesota's University karm, meet¬ 
ing general approbation; but fully to understand its use, practice 
is necessary. 

The private breeder or the experiment station official 
who will install this numerical system will rapidly learn the de¬ 
tails from his own work and will become expert in using-it as he 
proceeds frora detail to detail. 

As in all other record systems, data must be put down at 
the tine in their proper place and accurately . The system not 
intended to do .the work; it merely serves to provide places for re¬ 
cording each fact and methods to serve in classifying, assembling, 
averaging and displaying the essential facts and results. 

By * cans of such a record system the plant breeding estab¬ 
lishment can be indefinitely enlarged, by adding units, as is done 
in enlarging a manuf actur i ng plant. 
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Art Must go with G; stem . 

There ia danger of neglecting tie art uf the trained plant 
breeder'a eye and of a ep ending too muon a tic 3/0 tea. loth art. 

and ,** i vOi*e 0 —■ ui o no oo0 >pw-»i-^7 ~j-v* vitjy a «.a-— ^ --ly 

organ .-2cd plant breeding establishment with workers trained in both 
the s tat is wicaa routine aria in one ar u 0* rapifixy *. 1 ~m 1. a -*• % uno. 6 — 
sir able forms arid, in seining upon "new indications of promise" can 
adequately cope with this problem in which very many millions are 
an nu al ly a t a t ale e . 

T o o tu ny Da ta Rather Ilian l o o l o-v. 

In developing this system in the work of practical brood¬ 
ing and in theoretical studies of broehinr, several' times as many 
notes mere annually recorded as are now deemed necessary. The vari¬ 
ous examples of entries iih.de in the blank forms presented, in a, 
general way express the amount of note-taking and of records which 
may be used as occasion map require, but only the essential parts 
of which are in most cases necessary .or are used in any given case. 
See Figures , . , , . Each blank form contains more box- 

head blanks than are taken as a rule in any one line of breeding or 
in any theoretical experiment« IPhero an experiment or a line of 
breeding has settled down to permanent lines only the specific box 
heads needed should be collected into specific blanks 30 that the 
line of notes may be very definitely apparent at all times. How¬ 
ever, each breeder must ^udgs at to the amount of notes wh eh it is 
wisest to take in each given cosy It is wiser to err on the side 
of taking too-many notes than too few, though it is better to under¬ 
take the breeding of too few species with a given amount of time 
and money than of too many. In ::e cases it is wise to start work 







secun ng 


f 


with more ooecies to aid in 
them later, end especially that 
may earlier be secured. 


re an a with which to word with 
foundation a toe' : * and experience 


Preserve Old Stock Seeds. 

i&cyorience '“’as demonstrated the wisdom of preservi *g the 
samples of many foundation seed stocks with which work was begun, 
and also samples of stocks representing steps of narked progress, 
especially in work carried on to develop the theory of breeding. 
Even if the public official docs little ...long lines of research in 
breed! -:g, his stock of seeds and plants with their extensive pedi¬ 
gree relationships, recorded are often m demand by others working 
cut the fundamentui scientific facts of heredity and breeding. On 
the other hand, many records and many stored samples ado. to the 


expense, and when necessary scored seeds must be heroically thrown 
out, 


Fanes ud numbering Systems for Plants and Varieties. 

In the breeding cf field crops it has been found wise to 
keep track of all stocks by a system of numbers, prone? names being 
used as additional means of desi hating those stocks found worthy 
of cor. ‘«ercie.l distribution. The numbers greatly assist in keeping • 
an historical connection between performance records of good foun¬ 
dation stocks of individual plants in the nursery, and of new varie¬ 
ties which spring from them. The numbers nerve as the framework of 
the /. edlgrees. Proper names given varieties in addition to variety 
numbers have .n especi- 1 value in introducing commercial varieties 
and are given to varieties which win the honor of being distributed 



to growers. In like runner r rect^.r Talar plet of one hundred plants 
cv.n be mar'- ed with e single stake and the number? can be ro record¬ 
ed that each hill or plant, within the plat will he provided with art 
Individual nwrber tjhlc’i janv be attached + o it when /;rcv:ant to 
its seeds or to cions taken fron it. This .elan of numbering in 
suited to the needs in breeding perennials as well as annuals, rIso 
to breed!i’ • fruit and forest tree?* ns well as to such small plants 
nr: wheat or potatoes. 

Nursery Stock Numbers. 

between the series of numbers designating single plants 
in the breeding nursery and the scries of numbers designating a 
field variety a, thirl class »f numbers has some times been found very 
convenient. Thus large numbers of mother plants are chosen that 
their breeding power may be tester and from each of these a hundred 
or more young plants are grown, for two or throe successive ywars, 
in a drill-row or hill-row or in a rectangular lii.tl plat ail care¬ 
fully planted at a given distance apart, or even sown in one or 
more drill rows or broadcast in a rectangular plat, or even in 
sever .1 of these plants. Thile these stocks arc thus in cent gen er 
plat tests they may not be given variety number names nor variety 
proper names, but are designated under series of numbers called _ 
Nursery ntock 'lumbers. Thus wo have Nursery Stock No.l, 3, 3, etc, 
of wheat; durseiy Stock to. 1, 2, 3, etc., of flax; etc. The nurs¬ 
ery stock number is followed by the year in which the mother plant 
chosen for the nursery was grown; and reads as follows: kursery 


ntook ’To. 17, 1904, flax; or abbreviated, 


S.No.17 -04, flax 


r; a 


On the other hand, especial!/ wnere comparatively few new 
stocks are started fro;-, mother plants, as in t'iie breed!eg of apples 
whero the cions are tried from a relatively small number of mother 
plants, this intermediary series of numbers is not so necessary. 

In this case the inconvenience of a large series of variety numbers 
would not he especi-lly good, and all stocks could he entered in 
the accession book under variety numbers, 

Under the regular course of breeding a variety cones to 
the breeding establishment under a. name from the seed dealer, or 
perchance under a number from another plant breeding establishment, 
or from the Division of Plant and S'oad Introduction at Washington, 
D.C, It La entered in the Accession Book and given the next serial 
variety number for that species. During its period of trial a a 
field tests it re tains the serial accession number under «hich it 
wa3 thus entered. If, upon its proving a useful variety, seeds are 
chosen from it to plant foundation beds in the breeding nursery, 
the a 'stem of numbering provide :> that each resulting plant may It ova 
a nursery number. Thus a nursery plant number may be the first 
plant of the nursery plat 701; or- it mac/ be a plant further along 
in.the plat as 771, 793, etc. 

And when any of the plants grown in the foundation bed, 
or in the field, are selected as mother plants and are entered in 
centgenor tests, the resalting centgoner plats arc given nursery 
stock numbers, or number-names, which to all intents and purposes 
are temporary proper nan s. This number serves partly as a natter 
of convenience, er.weci lip when a nurse r, stock is subdivided, and 
partly as a safeguard against error. 
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When small centgennr drill-rows, hill-rows or reOtangular 
plats in Hills are planted the next year from seeds of the ho mother 
1 1-i.nts, the resulting plants all trace back to the number-name of 
the parent pi:ait-, and if so planted one seed in a hill that each 
produces .. sopuratei/ grown. plane, this plan of numbering provides 
that each plant nap have a nursery giant number, This <au'' ! seem 
hoth unnecessary .and b rhensome detail, but it is often a useful 


plan, especially in theoretical experiments, and soraetl-ies in regu¬ 
lar breeding for economic results. In most of the work of selecting 
mother plants arid in centgoner testing the individual plant numbers 
within the plat arc never used. But the existence of a genera! 
plan under which they might be used causes no confusion, nor on the 
.mole re mires extra clericd worn. 


Thus in 


nursery im.-re ir» placed at the head of each 


centgener, drill-ro.-., hill-ro* or hill plat, a number *hieh is real¬ 
ly both the nursery number of the first plant of the plat and serves 
as the field number of tui plat. Under this initial number enough 
numbers are allowed so aa to afford a number for each separately 
planted plant in that plat. -Thus in a plat with its first plant 
numbered 701 end containing one hundred or a fraction of one hundred 
plant;;, the initial number on the next plat would be plated at 301, 
and that would be both the number of its first plant and the field 
number of the plat itself. So th t the number of each successive 
plat may begin with an even hundred and one, {1011, 201, 701, 1101, 
etc), the plat number - going forward by the even hundreds. TUlewise 
If plat 701 had 137 plants the first number of the next plat would 
jump two hundred or to 901; or if plat 701 had 300 pr even 285 


plants the next plat would begin with luOl, etc. 
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Under this system of au.ibt.ri/is; individual plants, cent- 
gencr plats, a\xtt 
veil as 'in case c 
u s e as f o un da t i or 

varieties), it is often found convenient to- record tae year in con¬ 
nection wish nursery plant numbers, t.ie cent..yon ;r plat nuv.'bvr, on 
the field .plat number. 

T;n....s .nursery a « 7ol * * oc , assign ole s v.ii/w^i , ia 

ual wheat plant which grew in hill 7 Si in the eentgen.-r rj« or plat 
beginning with 7C1 in the year 1305. 

Likewise this sane cant;;:; oner plat may have originated 
fro a plant ’ / r s-sry Ip, 1374 - *07 ia the foundation bed in 1307, or 
way be from noth::? plant 1731-'07, from which a head, for a head- 
row cent gene r test, -us chosen from a plant in the fielf in 1»'07, 

The progeny of a. given plant, as 1374 in 1307, nay oe 
given a bursary Itoch number to serve as the numb or- nave of the 
stood arising from it as long as it is not promoted to the field 
test trials. If its nursery steel: number were 41 it would be writ¬ 
ten 'S. S. o.41 - *09, whe...t, giving the year -hen tie seed actually 
labeled was grown. 

The system of numbering devised at the Minnesota Experi¬ 
ment Station provides a series of numbers, or numb•>r-names, fer the 
varieties of each species, thus: l T i mesotu o .1 corn; Minnesota 
Jlc.2 corn; Iflnnesota Ho,3 corn. Minnesota Ho .13 corn, having prov¬ 
en best among varieties tested, was widely distributed to growers 
beginning a dozen ../ears ago without nave other than it a number-name. 
In wheat the series runs vtinn.ho.l, 2, 3, etc., to a thousand and 
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more.'" 'There is similarly a series for timothy varieties, Mian.Mo. 
1, d, 3, etc. In lime manner Wisconsin has numbers teis.Mo.l corn, 
ftis. <o .2 corn, etc. 

Varieties secured from outside sources and varieties 


which, haying been developed in the plant breeding establishment, 
.nave shown that 8 y.eelienee in the nursery which gains for them a 
cnance in the field test plate, are each given u number as above. 
Whatever name t icy may have had is also recorded in the Accession 
Book as the parental name. Thus a variety which won the highest 
record for value in the variety too to and was chosen to bo distri¬ 
buted widely to growers under a proper name- was the new H selected" 
variety of flax known in the field plat tests under the cognomen 
Minnesota eo.kb, was given the additional commercial name Primeat. 
Dealers ana farmers seem to nave preferred the number-name, and the 
variety generally goes under the name I inn. Mo. 2 U flax. 


Giving Individual Plant lumbers. 

When seeds or plants ..re singly planted in t ie plant 


breeding nursery each us 
a sure-bred animal in th 
pedigree registry of the 
plished by so 3 1 ,-. ■ ■ t:l% i 
Mcgle, seeds or plants a 
the'Mila ...r 0 numbered•. 
fiteih? crop a stake mar 

h*' ■ 1 . ’ 

plants a feet apart la ... 
serial individiwil number 


; 'i'.idi v a 1 nu:ibwr, • ia 
... breeder’s Vicrdbock, or in tic national 
breed to which it belongs. This ia accoia- 
n reeve, er in rfcet...wpulur pi.etc, vilk tie 
11 pi. i>- l 1 a, given distance a, *.rt, that 
Older l-tie plan in can of .hoe.t or other 
lei -g the fir t pi- p V cf a row of one hundred 
Sufficient nark ie rule it easy to find the 
of s.n} given plant xa the roe. 


In like manner sped grown in e. given year of varieties 
—5 given numbers in the Accession VPM.: can be designated. Thus vinne- 
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1’or however temporary a . mrpcm, alio,,.lit he ; a- af Carefully 1; Deled. 

T le number of th • the n i or of the in.L 

plant and the year in which the ruei or clonal part was ■ grown are 
the-roost eawntlal facts. Toe pro?. the .field, strike -.1 plat 
are also import .art, and in a any caneo the proper name should, also . 
he- on the label. Where pran i.i cal to do do tags should be sacked to 
woo den receptacles acid natal receptacle? kouid have- label ■ holders. 
?o? haps, wired tags should be provided and the ..ire reouh never 
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for tying the mouth of the hag, k- the try nay never 'bo separated 
from the bay until the seeds are - amoved. V-her the bin, box, bag 
or other receptacle is emptied the tag should always he removed, 
lest its presence when other seeds cm placed in the receptacle 

shoo id lead to error. 
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vired tags. A careful : 1 art breed- r fm-cis a system of numbering 

useful in keeping detailed account of the nanerouo 
stocks with which he works. In loreriking a certain rich of pleat 
to the public, however, lie nerds t. .or- the names of the class or 

variety with which they are a© euminted* The proper names often 
come to have large significance, . .c blue Stem Wheat, or 'Duchess 
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Proper M&iaes Serve in Pinal Distribution to Growers. 

The breeder ana distributors need suae uniformity of usage 
in the way in which proper names and number-namea are employed in 
the breouing and in the distribution of varieties tested for their 
values in production, She Minnesota Experiment Station distribut¬ 
ed some new varieties under numbers, as "Minnesota Ho. 13" corn} 
".•timioaota do. 163wheat} 'irmesota Ho, 169*' wheat} "Minnesota 
Ho. 20* oats and “Minnesota Ho. 105" barley; and one new variety of 
flax under a proper name, "Primost* flax, known in the breeding re¬ 
cord as Ciinnesota Ho. 25). This experience tas shown that a num¬ 
ber serving as a proper name of a variety -.s as easily Drought into 
use by growers as is the proper name. On the other hand, it is be¬ 
lieved that the name is often to be preferred to a number; using 
the number incidentally. ’lien the name first given can be followed 
by the year in which a given stood of seeds were grown, thus indi¬ 
cating any improvements to that dator a new number-name and a 
new proper nan? mu/ ha given. Thus Primest flax, (Minnesota Vo.2b) 
as named when distributed ih 190b, if further improve , flight be 
distinguished as rrlmosi; (Minnesota b'o.?l) (originated from Vcimost 
Minnesota do.23) ’Oj, year showing she date when the seeds 


were grown 
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do,Jar, raynrdleo 5 of the si oh of tl.a introducer, lie v.oulr lose 
thereby tic moral right arid opportunity to use its official record 
of yields „.u :. v„ .1,10 s for aero it hs teats v 0.0. it -■■as cuuyured 
with all other wheats of i 1 1? clo.ua, in viblch the record;/ of alia 
fine soot", "totion sho.,- t'M.t oi cue els, bealtrs 'lavs fr«-saintly r o~ 
cognisud the yeculx...r co..rye red., : y. vslue to them of the e.s.iatenoo of 
even ou’o-vuri a c is u of -r a.us v.,.th a uecforiiiaii.c record ..ado on a 
in/blio am e i n farm, by giving in their catn.lo t ,se the ssecific 
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and. use in advertising lie uclishL variety re,resented', "'he v dine 
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variety v/itli fas data concern .fig it an ins records of the intrcdue- 
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of t abu 1 i.i c f ; 1 erf 01 0 ; -. ice re <1 orda, 

These rm...bors prefixed by the abbreviation of the state, 
firm., is., 3h.u a , s etc, provide a ....sable number reference to all 
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lumber for -Sack lie,* Stock of the flame Variety. 

There is a fatality in the aiming of varieties of onset 
grains which are similar, and oven of mixing varieties uite unli:a, 
and often varieties are changed by natural hybridisation or by se¬ 
lection. it 1 3 therefore often necessary to record under .... sepal sue 
numb or each accession of seeds and even of separate invoices of ' ,uo 
game well-known variety. Its name may ba retained, but hie oxp cri¬ 
me-iter needs numbers by which he can 'irate each separate .nvoice of 
seed stocks, scions, grafts or tubers, so as to know all available 
facte concerning thou. In case of corn, for example, samples of 
3oon-3 County white jauy be received from each of four men. One man 
may iiuve very carefully bred it especially for yield for acre, 
another may have boon equally careful in branding in for uniform 
good appearance of sura; a fair a isuy have broil it to ripen earlier 
fora climate with shorter growing season; while a fourth may have 









allowed it to become hybridized with a different variety of corn, 
each materially changing its character. A number, practically a 
number-name, for each invoice treats each newly accessioned variety 
from other establishments or from one's own breeding establishment 
as if it were entitled to a pro oar name in the breeder's own work 
nd records. 

A variety of wheat which is close-pollinated and, there- 

except 

fore, cannot be mixed as another variety may be mixed with it me¬ 
chanically in the bin, having originated from a single mother plant 
of Blue Stem Wheat, was returned to the Minnesota Experiment Station 
after an absence of two years, with a mechanical mixture of 5 per 
cent of Eife ¥neat. If each invoice had not been separately desig¬ 
nated, the carelessness could not have been traced to its source 
and the proper person held responsible. In case of varieties of 
apples and potatoes, each of which are but asexual parts of single 
plants, they are often mixed and are sold untrue to name. A number 
attached to each invoice will often aid in tracing and correcting 
errors, and persona once charged with a mistake will have specific 
reason to learn to use greater care. 

Whether the distribution be free, or for trial, or by 
sale, the experiment station finds advantages in a simple aystem of 
numbering under which the history of every sample distributed can 
be traced. It is sometimes necessary to know on which field or 
plat a given sample of seeds or plants grew. The system herein 
outlined of numbering fields, series, plats, also the varieties and 
nursery stocks, makes it possible to keep the historical record of 
inheritance lines complete throughout. 




161 


Recognizing Improvement in Varieties, 

The most difficult phase of naming varieties ia in con¬ 
nection with varieties which are being rapidly improved, even after 
they are first introduced, especially the open-pollinated varieties, 
as corn and sugar beets. The improvement at the Minnesota Station 
of a variety of corn known as St. Paul Yellow Pent (Accession Ho.13) 
was hsgun fifteen years ago. After a few years the improved stock 
of this variety was distributed as "Minn. Mo.13". Later an at¬ 
tempt was made to us© Minn, ITo. 172 as the name of a stock result¬ 
ing from further improvement of this variety. It soon proved that 
dropping the Minn. Ho. 13 and giving the new lumber 172 was a dis¬ 
tinct disadvantage, as the reputation associated with the earlier 
number-name was no longer used to an advantage under the new number- 
name . As it was apparently necessary for a new reputation to be 
made by the corn under the new name 172, the use of the old name, 
Minnesota Ho.13 was resumed. lad the proper name St. Paul bean 
used, and had the number-name, Minn. Ho. 13, been used only inci¬ 
dentally, the new number-name could have been advantageously sub¬ 
stituted thus, St. Paul (Minnesota Ho. 172) corn. 

The breeder can add the year in which a given.sample left 
his hands, thus, 1. Vo. 13 (MirunlUx. Sta.*05) com, or Minn.Mo.13 
(Kinn.Ex.Sta.*09) corn, meaning that it was sold by the originator 
with improvements up to 1903, or anoth.r stock improved up to 1909. 

In like manner it is important that the breeder of each 
strain of a given variety have his own improvement s recognized. 

Thus, John Moore, of Hardin County, Iowa, and Prank Patton, of 
LeKalb County, Illinois, may each be breeding Boone County White 
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Com. After several years the com on the two farms will have di¬ 
verged widely, each farmer having adapted t"-la f-fOtous variety to 
his own region and changed it somewhat to his own ideals. The none 
written ”.'£oore’s Boone County Uhite - *03" or "hat-ton’s Boone County 
7h.it e - 'Oh" would i: idle ate the seeds of this variety hred by : r r. 

’Toore as sold from his crop of 1903., or as improved hy Mr, Patton 
to tiie year 1905. These names may a seen long, out they briefly tell 
facts .and carry whatever of pedigree values the work and reputation 
of the respective breeders may. stand for. “Jinn. Bo, 169 wheat, 
grown at and distributed from the branch station at Crookston in 
1908 could be labeled Hi on. ho. 169 (Crookston ’Oo) wheat, A varie¬ 
ty originated at the Crookstou station and seed of 1908 distributed 
could bo recorded as Minn, Crookston Bo, 38? - ’08, wheat. In this 
way experiment stations, branch stations, firms and individuals may 
designate their introduction of new strains or varieties. 

A central agency as the Bureau of Plant Industry of the 
U, S. Department of .Agriculture for recording names and abbrevia¬ 
tions might serve useful purposes. Its advice in devising schemas 
of naming to be used in advertising would ba useful to the breeder 
wht desires to properly label ant advertise his seeds and plants, 
There is force to the suggestion th.*t. the U. S. Department of Agri¬ 
culture should form a register of all varieties, and should give a 
U. 3. number-name to each and every definite variety of each spe¬ 
cies of plants. 






IXASfPLE 0/ HOW HOTisG MXk USII), 

In the field trials a record is kept of each variety in 
the "field Year .Book'*, showing i e plat on v/hion it grew and its 
name and accession number. 

These records serve as con --ectiag links in the records of 
the varieties back to tieir parentage. This* .X.nesota 3e. 6i>9 
wheat, in variety fid') teats 1901, 1902 and 1905, traces back to 
nursery centgen; r 1301 - '99, which, in turn, as a breeding stock 
under improvement by selection since 1896, was in the nursery as 
”K.S,Ho,4 - *96*, fro., mother d&nt 2C7Q, of the cm of 1896. In 
18 '7 its centgen or plat number was 1701, In 1898 it was in a 
centgener test plat under Cent. No. 1701, and in 1899 under Cent. 

Ho. 1301, r.entione above, from which the seeds went to the variety 
test plat in 1900. 

'.laving :«4« a high efficiency nursery record it was plac¬ 
ed in a sisal. If i eld plat in 1900 under the variety nuabor-nare ••f 
M in esota Ho. 669", The plats being very small the yields of this 
and other varieties were not recorded. Under this numb r it was in 
variety field plat tests in Plat 5, Series V, Field “A** in 1901; in 
Plat 19, Series XI, Field "C* in 1902, and in Plat 21, Series IX, 
Field *T" in 1903. After those three field trials its average yield 
was compared with standard varieties and if it has been superior to 
all others it would have been increased to several hundreds or 
thousands °f bushels and distributed to the farmers of the State. 






fig.21. Section of case with half bushel iron seed 
grain storage boxes. 
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Pig. 20. A storage yew, for nursery stocks. The rtor *% 

boxes 12 x 7 x lOiinehes high described on page are arranged in 

order of years and classes of grain, and when necessary can be 

aasil reclassified as loos© leaves in accounts and records. These 
were raad© of pasteboard covered with glazed paper, but tin should 
in all cases be used. 

_ 






Place® for Storing Seeds 


The storage of seeds tc prevent injury by vermin and in¬ 
sects and to preserve their full geminating power, under sons sys¬ 
tem where mixing will be avoided, where names may be kept without 
error, and ^-er.; each can easily be found, is a matter of more im¬ 
portance than would at first appear. The following are found use¬ 
ful. 

1. Bins should be provided in a room or seed house with 
mouse-proof wall® and kept as free from vermin as possible. These 
bins may be of such sizes m may best accommodate the desired amount 
of grains. 

2. For quantities of a half bushel or less galvanized 
or tinned iron boxes, 9-1/2 inches high and 12 inches in diameter 
and fitted with a loose iron cover with one inch flange, as s own 
in Figure , serve their purpose well. On the sides of these 
boxes are fastened tin label holders which receive t e label cards. 
They may be closely packed in oases wit t shelves a foot wide and a 
foot apart. These box©.,, at dO to GO cents each, are less expensive 
and far more satisfactory than bags, which are often injured by 
rodents, resulting in the destruction of the bags, loss of grain, 
and mixing of varieties of seeds. Bound iron boxes cost less and 
keep their form better than square boxes, though they require some¬ 
what more shelf room. 

3. Covered tin boxes, 12 x 7 inches and 10-1/2 inches 
deep, serve well as storage cases for the seeds of ndividual 
plants, selected spikes or heads, etc., also for small lot® of 

i 

"bulk seed."*, each placed in such an envelope seed packet ashown 
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Fig, A planting envelope (3x5 inches) showing the 
method of labeling and storing the seeds counted out and ready for 
planting. The Nursery Year Book is compiled from these and they 
aenre as a valuable reference in checking up t ie location, identity, 
etc., of the planted stocks. 





in Fig. . These "boxes are also arranged on shelves 12 inches 
wide and 12 inches high, permitting of easy reclassification of the 
boxes and of their contents annually if needed. Index labels are 
pasted on the outer ends of these boxes showing lists of enclosed 
seed packets, t tub facilitating the finding of desired seed stocks. 

4. Bag® of cloth fro the two-bushel grain bag to the 
sna" 1 rujslin bag are useful for handling and shipping seeds. The 
smaller sizes, by placing the bags inside the iron and tin seed 
boxes, are successfully used in storing small aamples of seeds. 

b. Seed packets for small quantities of bulk seeds and 
for the seeds of the unthreshed heads of individual plants, and for 
storing seeds sorted, out to plant in the nursery, are very neces¬ 
sary. Two kinds of envelopes have boon found to answer the re¬ 
quirements an & to fit into the ayate of boxes above described. 

A. Envelopes of tough linen paper, 6 x 9 inches, with 
the flap at the end, and glued with extra quality glue. 
Srccial care its used in gluing so that they may serve 
as safe seed packets. (See Fig. ) 

31 .n< fonts printed on these bags serve in expedit¬ 
ing the recording of notes when harvesting individual 
plants, or spikes, as shown in Fig. 

B. Seed packets of man!la paper, 2x4 inches, in which 
to place seeds counted out to plant in small nursery 
plats. (See Fig. } 



fig. .l. A harvesting envelope (6 x 9-1/2 inches) .2. A# 
this envelope is often used for a hag it is made of tough Manila 
paper ana sealed with special glue to prevent bursting open with 
dampness, 1' e dotted lines show the overlapping of glued edges. 




Fig. The Individual Plant larvsating Envelope, showing 
scheme of notes on individual plants. Such notes are taken of 
plants chosen from foundation beds or foundation stocks in field 
preparatory to selecting parent plants to subject to centgenor test. 







Systems of Records 


Coiuorehensiv© yet simple, practical systems of records 
.jtidof storing foundation varieties, of nursery stocks, of new 
varieties and of varieties distributed to growers are thus of great 
importance. Into the Accession Books go the records of all varie¬ 
ties, whether received from outside sources or originated in the 
breeding nursery* Into t’-e ,r ariety Year Books go records of all 
tests in variety field plats. Into the Bursery Year Books go re¬ 
cords of all nursery planting and tests. Thus these three series 
of hooks each year are the annual keys to all other notes. 

The Varisty Year Books and llursery Year Books are sup¬ 
plemented by loose leaf systems, both for record and for ledgeris¬ 
ing yield, quality, etc., that such comparisons may he made &s may 
be needed. These sheets ledgeria&ec up to date, will at all tires 
show the relative values of all nursery stocks, of all stoexs under 
test in field plats, of all testa of leading varieties at a group 
of experiment stations, and of all records reported by growers of 
pedigreed seed© and by growers In general. 

Bursery Year Book. 

The data relative to the planting, harvesting, yields, 
etc., in the nursery where are planted the very small plats and the 
individual plants, are recorded in a hook which for convenience is 
called the Bursery Year Book. A new book may be used for each year 
sufficiently large, 200 to 500 pages, to contain this data for all 
the crops operated in the field crop nursery of a given firm or in¬ 
stitution or division of an institution. Thus we have the 1^0? 
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B. Y. B,; 1908 N. Y. 3., ate. These books also serve as a sienna of 
tracing tie ancestry or the pedigree of a given stock back to its 
first introduction into the nursery and, hence, back to the Acces¬ 
sion Book. In the first column in Placed the nursery or oentgener 
miriber of the current year. Tito double page tabular arrangement in 
shown in Table . (Please insert copy from 2 ’•■ages of w •••eat, 
M.T.B.) In the third column is the nursery or oentgener number of 
the previous year, from ■which the particular stock generated. The 
nursery stock number is than placed in column 2, the Minnesota num¬ 
ber in column 4, and the name of the parental stocks in column b. 

In columns 6 to 19 inclusive are placed records which apply im .eli¬ 
lts 

ately to the centg<m’?r plat or give/pgrfornanc© record. 

These forms arc made full ao as to serve both in general 
oentgener selection and in theoretical experiments. It, is, not ex¬ 
pected that all the columns will be used each year in any given ef¬ 
fort at variety improvement nor in any given research in breeding. 
And in many cases where the breeder knows definitely what he wants, 
only such notes as are needed are provided for at id only, part of t •*« 
box heads need be centered. 

Planting Envelopes. 

!r anil& envelopes 3x6 inches have been found convenient 
to use in planting seeds of the cereal grains, grasses, clovers, 
etc. In these are placed a given number of the selected seeds to 
be planted in the various nursery beds or rows. . Botes used on 
the .e envelopes are shown in Figure . The envelopes con¬ 

taining the seeds to be carried to the field are arranged in that 
numerical order in which it is designed to plant the oentgener plats 
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in t e nursery. 

Jfa rve gting Env elo pe s.T-ugh linen envelopes 6 x 9 
inches, -as noted on page ,. carefully glued with especially chosen 
glue serve as seed bags and are very useful both, as receptacle a for 
seeds from nursery plats and as means of filing and tabulating the 

notes of the respective plate. Figure _. s owe the blank form 

used on some of t ese envelopes which are designed to receive the 
notes while the harvesting, threshing and the making of laboratory 
testa of these seeds and centgener plats are being carried out. The 
original data thus placed on the package containing the seeds is 
transcribed directly to the respective horizontal lines in the 
Nursery Year Book, as in Figure __. 

These envelopes cm be used both for the receptacles of 
the seeds of selected mother plants fro< foundation beds and to re¬ 
ceive the notes concerning such plants v«hiie laboratory tests are 
being made to continue the selection from those saved when harvested. 

’whon the series of plants is large and the selection of a 
goodly number of the best is based on small differences in a number 
of c aractera, it often is wise to copy then on blank forms or even 
in the Nursery Ye r Book. 

It has been suggested th-tt t e notes be used as a score 
card; that score card •weight’* be given to each characteristic, and 
that the record of any given plant be multiplied by this weight, 
giving a coefficient to be used to formally reduce the general val¬ 
ues of each parent to a comparable basis expressed by a single 
number or single numerical statement. But only in rare cases is 
this refinement of statistical methods necessary. By inspecting 
the columns of figures on the septate envelopes, the breeder can 
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ohoo m fie beat without trouble. The breeder soon learns 
to sake a "weighted" eo*ap xrison giving the larger "weight* to yield, 
or to such special character as nay be a special object sought in 
the breading. 

Cc y rtnr Canton r bundles . 

In the breeding of grains, grasses, clovers, etc, it is 
often necessary to protect the csntgen ;r bundles of seeds from 
swallows a;id other ]>.: rda. The .areas used become quite f..o large 
to caver t n* whole with inch-mesh wire netting. But it is quite 
practical to thus cover small areas into which csntgenor bundles 
o . be collected while they arc being dried, preparatory to t >re 
tng. This can ba accomplishod by constructing movable tents 10 x 
16 feet square as six foot High with sides and top covered by the 
inch-mesh wire nesting, or by covering a larger .area with the wire 
netting supported by posts placed in the ground. In yet other cases 
large buildings are available into which the centgener bundles c^n 
be stored to dry them for threshing. 

a 

In any event threshing those centgensr bundles where 
exact yields are sought should not be long delayed, because of so 
many contingencies which may cuuso the loos of a portion of the 
seeds. In harvesting csntgener plats of such crops as wheat, oats, 
etc, payer bags may be used to cover the head of the bundle as 

shown in figures _, _, , _ . Pieces of muslin 18 x 24 

inches wrapped about the head of the bundle and pinned on also 
serve the sore purpose as snows in figure _ 












fig,25. Placing heavy paper covers on centgener bundle©, 
to protect the grain from birds and from the weather. (surnctt) 




fig.26. Tying wired tag about the paper cent gen* x* cover, 
both to fasten the bag on the bundle and to place the nursery num¬ 
ber on the tag. (Burnett) 
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Fig. 27. Centgener bundle a Blocked beside the field so 

that the land mar be plowed. The bundles are tied to a wire 
stretched from guy stakes across taller at alee a as shown, (Burnett) 
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8 orton 1 e Thro o ner . 

Xn Size _and _ is ah-om a machine for thrashing 

the grain of mother plants, and of centgoner plate of the small 
Cereal grains, beans, millets, and other plants. The cylinder is 
covered with median weight rubber soling, and the diaphragm or con¬ 
cave is made of the sane material. T e heads of grain separated 

/ 

from the straw, are fed in on top of the cylinder which t is alter¬ 
nately turns-.' slightly forward and backward, tearing or rubbing the 
berries out of the chaff. The cylinder is then revolved two or 
three times in each direction, cleaning the machine and dropping 
the grain and chaff upon t -e slanting blast board of tin below. An 
electric Ban, set at that distance which gives a blast of the de¬ 
sired speed, will force the c iaff back over the board and allow the 
grain to run forward into the receptacle, thus separating the grain 
from the chaff. A pan can bo placed behind the blast board, to re¬ 
ceive the chaff, which should be emptied after threshing each nothor 
plat and each cent goner plat, til us to make -t possible to secure 
any grains accidentally blown over. 
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X ? ig,28 


[Front (rl«vr if Uortan Thrasher, (./y.rnett) 
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jr’ig. 29. H»er Tit* of ilurton Thr«ehtr 









Fig. 30. Horton Thr aeh*r in operation; as irinrowed with 
separating hoard and blower by I*. C. Barnett of Iowa 3&cpt*riu«nt 

station. 
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Outfit for Thru-.ring Cantgan r Plata of u-raina. 









Three' er. 


ui ,r.eaot,, CembU'-i>* 

The three ?e.c shewn Irt Figs. , designed by the 

either, assisted by Villaon Boas jid ot* ars, consists of an ordin¬ 
ary; 2-1'-inch or 26-inch thresher cylinder and concave. The franc of 
i'-e machine is so constructed that the seeds have no place to lodge* 
both seeds.and chaff falling into the metallic tub beneath. A ta¬ 
ble severed with ^inc enables one operator to untie the bundles and 
collect all shattered seeds. The second operator feeds the bundle 
and the loose seeds collected in a tin pan irtto the machine. A 
third operator runs the chaff and wheat through a fanning mill to 
separate out the neat grain. A fourth operator -sighs the seeds 
and places them in a bag, 

C’entgonor Ledger Shasta . 

for convenience in oo.ujp^ring the respective value.; of 
individual plants, of ••ntgeuers, ..arid of other nursery stocks, a 
system of so-called ledger sheets has been found convenient, and 
also useful for preserving the history of the plants and nursery 
stocks, and for some Lines of r#i 
sheets and t sir purpose are as follows: 

Introductory Sheet for Selected Rtook. A complete record 
of the history and conditions under «fhich the particular stock «as 
introduced into the nursery—--Finn.form 101, (fig._) 

Bctsa on .■.'other Flo ats. - - In so I so ti ng pla.’ t s f o r mo th nr s 

of centgensr row or plat tests, it is sometimes a#sirable, especi¬ 
ally in theoretical experiments, to record such characteristics as 
will aid in further selecting those roughly chosen at first in the 
field or in especially planted foundation bod and as may be needed 







as a :..art of the pedigree hi story of ;jv- resulting valuable strain. 
The box h*&4> n*;s In ?xg..>- , outlining notes >art or ohi of which 
raay be recorded for oheat planta chosen for mother a of centgoner 
drill a, centgener hill-rums wr cehtgwvor Hill-plate, illustrate the 
manner or recording the ..3 notes, These heading® way ho used in the 
uuraery Year Book or in other hound hooks, or, better, on loose 
leaves, urmnary letter oi:.:e, (3-1/2 x 11 inches or ' x XG-l/2). 
if the plants often re,.resented only by a single head, ear, fruit 
or cion be chosen from a fa old or a foundation bed planted for the 
purpose .of securing mother plants, t .oy c^n he number*?! 1, 2, 3. 

' ode., in the firm column, if they are chw»$en frvra a n^r-ery cent- 
g..nor, tan actual nursery nu-..box’d may be used, or better & series 
of consecutive numbers within the numbera belonging to the centgon¬ 


er series from which they were taken. Thus in a centganer the num¬ 
bers of which begin at 901, the seeds representing five chosen 
mother plants, respectively, might bo numbered 921, 922, 923, *24, 
and 92o. In few cases will it be wise to take notes of the mother 
plant on sor« than t •«; few mo?:t e,;c- ntiul linen; such as yield of 

grain and grade of grain, in the case of wheat. In case of such 

or potatoes 

plant a as ap ales, Aowever, full ex' notes of the mother plants should 
be recorded. If the breeder is seeking to correct or especially 
improve any ons «;ecific character, that character should be care- 
full;/ noted and recorded. If, however, many note*! are recorded, as 
indicated in tig. 31, the breeder will become more acute in his ob¬ 
servation , and for students nr hegiu/iers working under an experi¬ 
enced breeder to learn the business, much can be gained by a large 
amount of this detailed record making, it drills the breeder to 
critical observation and prepares him to deal with, the less easily 



oba-r^ed cbar«'.oter#. On tin, other HanC Tu-.rso'-m incline:' " or ly to 
record d«t .jf.a, ; vr.‘.tt- ’n.bu i: , ».’ -uV *-t. sc’- cojsd ' * ' - , o»*d oh~ 
orrTitiwn, in finding tb<~ ono r.u-- iru;.' vlfual L." ton. f loon^ru!, *T ,e 
a? of o* > h't new vali<»s», • t*i •lonci-co aunt 1 a t light ■«.?- • /cl3 as 
fvrr-n, recording of facta. And t; -aro ir? r, on both for high 
' ,.ii*t'.otic R-'ll't .aid for rars ability to attend to nailing and tnt«r~ 
>S''t' : .n'; l fai 1 wl -noords b\ ch>i>.*in ■ ••joth'-r ■ to to -nte f.« 


clonal or weni'ial ce.oigcnu'x’ t&n* o 


d* ff 


I <Zk 

Jr$ 1 


?om r ’. Muraery .■foundation bed sheet on are record- 

d the note:* concerning each foundation bed rod each slant choaea 
o be a nothin of oant^snoa # Hoten -larked ■wi.td a star in the 

teoxbead are to tec taken in the field. (8-1/2 x 11 inches). 



Annual Cantgcn- r dotes. .— 'any not®© on th* c&ntgent-r 
nursery plats of annual, biennial ana perennial pi.oats, are record¬ 
ed each year lirectier into the nursery Year Book as the> are taken 

in t-i* field, (Wg._J. The headings on the pages used fur this 

purpose are nearly the sane as those in the fluosoary Sheet for Cent- 
gensr h'otea, (dig. )« to which they say be transferred after car¬ 
rying out any needed calculations. The annual centgoner notes thus 
recorded in the field arc the original records and. are best record¬ 
ed in the Jureery Year Book, thus avoiding error in copying. The 
books are easily ham led An the field. Xu fig* .. .. are s -v*n box 
headings for no to© on nursery eentgener plats of wheat in the Kurs- 
ery Year Book for 1907, shoe .«g the oentgen.r nuraber in 190{ also. 










yig.i»2. Crossing flawc in trie centgm=,r plats. , T : ;e ga-er 
covers and appended tags .indicate that »oi:;e of the work has heon 
ac uumplished. 




Gentgener 8u. uarv Sheets , - The data frou the Purser. 
Year Bcok and f ron the harvesting envelopes pertaining to the re¬ 
spective centgon ,;rs of a given stock are assembled u.nm the Cent- 
genftr Buaiaary Sheet. There the averages are nade to get & neasure 
of the stock under several years* conditions. Gee Iig v _ 



Ortgoncr Crard r»;r fTatjeto ~~ This c' • et is ■ red T< r 

the recording uf th® av? rlgos obtained upon the Centgonor Suuh&ry 

Sheets Pig. __. Par- w a; doubled the aver -/ f* for the t r«e or 

more ys^ri * records of the respective stocks, fror. fthich the very 
best may thus be selected to be Increased end curried into the 

field tests. 
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Caution y.a.li -. Tao ’ - j* a eo. 

m* rn fr m#0'y** <■*• »* ■***#* ■*% ■*^»**w&&**i*m&*t+*^^ *+*#m&*#<* 

,*.: pi j: he a fell-' *:d ir tu fiv-c t*r ‘ ckur.-e of neten in 
sxtt-'nso. fur v: ef.-, or. r.ony uf the tabulated blank 
r : s.f<-e near thie. note» ancl rJ.ru under A, u; trout!ant if 
.ve crepe in the last ; art of the bulletin, are nwav.y 
. acme of which art* v.aufal then stressing the brut ding 
tf chi-rueter.:, othero for othc.r t.. araetersi, and -eaters 
lu ;. iuc. , .i.t i rvi t> in c-v in' of V e li-ua^u ef tut neve ml 
' 1 ‘ p. breeder xnur. take *,« > ri-cut *4. Only there blank 
raid ho filled ’-vhlch are *.boolutely necessary. These 


ferine- should i-ruJl. he used merely in u suggestive way, as aids in 
devisinj; *•! .jok fur* r> to fit the idea ui .1 reads of thi breeder. 





I.nt„vit■ utcir„- f he ■; *• fur ‘ybrlda ; ~-1 O -ocaeg .—the intro¬ 
ductory sheet for™ «eX^ri ; .ed "etock is used for*"begTnnl'ni' the histori¬ 
cal record for the selected, n uraery stocks, so the Introductory 
sheet for hybrids and crosses Is used for ari historical record of 
the parents used and all of ht r r.luilj.r cat a oencerninf crosses and 

hybrids. Tig._ shows how such u Icoec si act, or a leaf in a book 

of printed fur.u:- mxy be arranged. 







Motes on r mss-urc d p lun t8it is desired to her;'* 
records of TntiV£ lual"pl^nTs "of the" first generation of hybrids, 

for - '* nay be devi««i, of which Fig_w m ©xrrirla. tJrson thin 

shoot are recorded the plant notes upon the individual hybrid or 
or os s-bred plants of the fire t gen'.'rat ion from the need. Provision 
ia made for records of the class, type, accession number, nursery 
stock number wi other ftcts ./uinh shou’d be recorded to make no? •.- 
plete tue • <edigri»e history. This kind of blank fora will not .n 
all cases he ••• and the h* f hrtd rikl h** grown for tor novo 

years before mother plants are chosen, when the fora given in Mg,^ 
can he u«c ,: ns the first of f.'v; It.-oar chc-t records of the nuraery 
stock number arising rroi a riven wot tier plant, nnu the forma given 
in Pig*. 33 *ncl 3 /s - can he used on sfodek to record cud cevparo the 
qualities of the respective centgenoro. 



H%~BxiL'i)*.ZL'jQ , V. * iw i. iiw> ;j . -»jL' 

Tne object of hybridising in saw tu mix tho ’writages wi 
two or more • 3arent.il types that t a best unit characters of ouch 
may be recombined in an occasional individual in such a way a# to 
give it peculiar power to transmit to ita offspring •special value 
in a desired line. T' & cross-pollen&ting i» easily and quickly 
ione. The difficult, laborious, time-concerning and expensive work 
is that of growing large numbers of the hybrid progeny, and of so 
selecting superior individuals and testing their breeding values 
that thoae may be chosen in which are recombined the qualities de¬ 
sired from each parent, Hybrid!aers who do not have the facilities, 
tne time and the patience to seek the individual of rare 'power fro,... 
among tie .mass of individuals springing from a new hybrid, rarely 
accomplish anything. There are not many artificially made hybrid 
varieties of plants in eo: siareiaX use. The main reason is that hy~ 

if 

bridiaera, not recognising the law that inure is onxy cue rare a«iua- 
v4.dual in thousands of individuals of a variety and only c no of 

w , , 

rare breeding value in very many thousands, nave dealt, with relat¬ 
ively sis all numbers. 

It is nut usual thei the av r .ye of all ihe individuals 
of tee hybrid f any near or remote anaelected generation is an la- 
proveraenl over the ->arent kinds. The new hybrid as a whole is of¬ 
ten much .less desirable than the parent stocks. There are not many 

usually 

valuable mules j.n nature. Thu value of the hy'orid/reata ir; the 
fact that it. contains an occasional individual with increased breed¬ 
ing Value as compared with fcne or eon. -d vilues oi t 'c. cosv ones 1*1 
the parent variotiaa from which useful nei v ..rieties can be made. 



Among th# hybrids there may bo greater iiverge ice of toe mdividu.*- 
alfc, more poor, fewer xadiuia, md very f«v good or excellent ones 
than in either parcutO. stock. Hut : r.on,: the teg good. in-1 vi duals 
tVcr-„ io £.0 atl es one -..hie > of gr. ,«t •r v : »lus as tin rog niter 
of a new race than ,aiy individual to be found in the ;:-.ront kinds. 


Since nev varieties and iew breeds can be based on only one, or on 
a few, parent individuals of r^rs merit, the breeder is concerned 
principally with seeking the rare individuals and the ?*ybridi«er is 
concerned with creating the rare individual of greatest genetic ex- 
cel lance. To obtain such individual >.b in the work of col action 
alone without outcrousing, the breeder any save but one or two of 
every 1,000 or even of every 10,000 plants. In hybridising, vr : «r«- 
by a greater divergence i* secured, the breeder may need 10,000 or 
100,000 plants in the search for the one or pwm "boat” but once 
this "boat one" is secured, it may noaaess greater brooding offiei- 


anfly and higher pro-potent value than those fcon. stocks secured 
under selection alone. It is >:*ore th< n reasonable to ho e th x nuch 
more pronounoed results may be secured by hybridising and selecting 
upon a largo scale than by selection only within existing v&rlcties. 

2n Case- of disssrn&ble 'fondelian characters the recorabin**' 
ing may bo done in such a formal way that the numbers required are 
sauce rciuoca. Sven here, hovavor, sines the recombined ' -.adoli.-u* 
characters must b® joined with characters which are not, discomablo 
in a network of descent r»hldh or; t .o * hole gives increased value to 
the new variety, to as euro t'x. att v< Clable mother plan*, or group 
of interbrsohinp- ’.nothor plant large numbsrs must be uned. 

Shut* it may be poo.cible by hybridising to *&&» t alfalfa 
to lands eo ewhat alkaline; to prr i\;ee flax, which will bettor thrive 



in the presence of flax reu oiovor were ■•■xdL fret the north; 

alfalfa better adapted to toe oooi »uoi«« cli.uato of Torn end 
surrounding a plus a ’io-. will thriv* in ha fair. dinette of 


I*;* " £'%£ Jim** a/ ?,4 W‘"'4 j'J | V 


:’]^w v/.i 4 i 


JlU U 


■ is ;:r .1 jj? 


si north cf 


t o prcuoui oraago .uoue , .. icntt «cd ot .nr cereal ant for^ci orOf>e 
a latch ..ill be tty.-’ on.lure the iroat'a of Tw siua-.-arid bait, potatoes 
and corn .•< .tica oiii . 'inid incra-suca ’ inounto oi nt&roh sUia ulco '’o* 
per aero ; cotton wai oVi will thrive in regions where th^t or op .«ea 
not now succeed; or grapeo ao once centstent to phylloxera and even 
»aora , rdif.Lc in v.*lue or aoro than ware the original var**:t-.a - not 
.1? $ if 4 » III# JMl U <*r *i* 4 fc %#**'£«$# X itk # 

but at#it jaore wit in the nabatontlal increased 

i *ld& of /aluo .or plant a. • vr acre «. a o' o,»n nurdy bo tV-.r. 
oureJ in cane of those stable ero m -file » are already locally plac¬ 
ed and -filch yield the bulk of o<?r several billion Toiler s’ worth 
of field, horticultural, garden mid f -res , product a. T-n, • is in¬ 
spiration in the f,*ut that our living ferotn arc net fixed aui. that 
eac'i rsapreveuent .in hereditary power along a given lino bee fence a 
bade far another advance. lace-icch n„«y f rul short u* cuts, ..ia/ 
displace the plan of scientifically craael m? and selecting very 
large numb are to secure very is-.port ant results, but without shorter 
outs sue path io neither difficult wr a; we naive as cor/pami with 
thy gOvil to bo s u>g vt an au v -;d ran.*rods of millions worth of crops 
annually. 

Hinc -j creating non v*v.‘A0tx«3 of hybrid •■ * ,fc t of o .r.n, or 
spoleo is a process no longer hi,an bring eng an a family of boys and 


girls, it .la ;aid no' be con,, -i .r- . enthoc t«<H .r-iu nor long. 
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the dctails of the work without lie rcry great pleasures, nor do 
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V;e result liar values to one* e fellow rv.n f : :x to satisfy greatly 
alia -l.u.ite hi a plods and wit«. 

>. .noice of '.'Viudatlw * U tuck a ' .m ', j., As a ■«■ 

for :*.. niit 1 a n n ->ox r»£, iuno 
‘JjJ.'JCUt S » "’O’&’uV •'*, tic® IsildWj 

place *io one of the p uruntn 
to bring in one or wore desire . c .radt ;rs, eo. .oi.it 1; . %»n the 

Plow a of r.ioro than too kindo if compounds The -important conaudar- 
uUj.i ie tn.rt tin oevui’.i.:, parent varieties Contain cU^’uotcrc w.hicn. 
a* nan . :n erl conpounoc v «nr, rnoombx n uxx rive to tnu tev varie~ 
t/ taa -.unura-i gonar-ii variety c’u tractor! sties, or t sat possibly 
new values p oe created* so . i to have tv* largest po na.ible not 
value ojr pianc* ,rl par tore in fie la ore os — or her V;a4 and <ur 
ter-i its uniwala„ in aona cano;> 4 wiid native plant o.Ji be - itro- 
duoed aa ana of sever,*1 parent fonaa, with a view to giving hardi- 

■ ■ • 

tions, or to giving aom new qua.lit. of economic or artistic value. 
beginners at nyhriu breeding, hovomr, ah tW, as a rule, iia'co 
simple coje- ouRd.u of foundation stocks already valuable, leaving the 
acre radical and coicolicated hybridising to those whose experience 
ana financial abilit." warrant vt® undert lie XI of difficult axn 
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X X*££ ; .XaCfli Lx. 1' &!i XiXv,-Xu v s&ii x w j»V 'v *. u-xt* X.- iv*. xm# ■« ‘Xo<i •»* mXi* viAi "*-X 

f vs rent varieties, ycndalinn rrin--: Vpleo promise to loud, to a larger 




proportion of auccsoasos wit- fevfeiids in Cfe&s. of *>icft t ; cfc 

cri arc tuff ?c .erhly distinct ';£ to bt trsated a» diocarnabl# 'ea 
dalian unit o, '.i l cx”,.&.21v r« caafei ?:od. /h I th«xc is --w.pl® 

©}>i viX > vn.i t,/ ’•. »• xc *. c L' • i «'V i.<« c. vfc i»•■ et»'*• *•• f *• 


>\ r I :i 


■f :.ll 


|L 1 if 'C* 1 - £> i» i ~ ri. ( i a v >' <&*i •.«. 


♦ ' lit trtt •; 2 ti; * t .s xlxitj^ of t*% aeaxl* rt- 
ie.lc.etrairre cf the acone' faxitty vy to the rtcoxfeination of c.:«r* 


act -fa in * tel®* vf.ic.', iiffn u. r ,.die. 11, c.8 t. fee feeroll able to 
1.1 tdr.ee fer tils hybrid vro-ei^» 

i.c excxienct g.cc'u;:.ulaten, it --ill 1 o fo . d tea t certdr- 
C rc - f»e£* pruouCfc vex f 2 V. , if any , if? :.iv i ai V- lufej * ■•'* A 1Otu-.. t 

c. c.cllo i onof mIwv'w. x’c c.u.Cft <*■ l 4* v.ci if ; X„' lax ^ v oi nuxt-bex * 

fee used an o', ant cf -c&ful rux*i«tie*, Thu® it it fcm-Wi id at 
I*rvfii*n x Cried*.! e. eh hjlrioh certain i. < drv dfeUvclx 3 d‘$ •: * 
m 1: .3** of '1 • t@ c- .'.'blc of "bcir ; vi-iti lit’’ if to ■ ! ior cl or. ■ 1 

Ti<rietlt& for thi hurid Atlantic UU.Uta ihnr hybrid* In *h iat cer¬ 
tain other flood line a arc ferorght together. It.tfe jxh r> ' ertt n.any 
Ufcfcful t .vc! ; t t d; brie.;,. froa tv-' tin; . ft c t* t la* n. ? >bri- 

i5izt.ro of fl:, to 4 rd “.rir.nl?! sfionid rs cord ..a- ; publish failures &a 
3*.cl.; cs tiUC.ct'- uti&y oo tout otr -.-r kat a rn.y efroerc thOne cle: foot 
of cruneea root litviv ic- be «roce. uful. In uV r. cnora t>u 7tt*> 
vnlaafele nen atir-rlno my occur only infx-c neatly out b« relatival* 
cf ?u;t yal-.-e f T : -s nwnfe-r of valuable rust str&lns stay fee of far 
1 *eh curt 1 . 1 »; idcr t j ct yr?e rt‘ t t rrre -n.t.-1 icr . Whenever t uefe 
fret© .'Hi irri.e} they n^lt-ful .th deciding the cro «t ? to 

Kt-kft, Tic err .live fere a ( « ■ o c .■'<*. <fen~f. r-o-ul.4 rKwwi« 'if 

1 ir .se wf ftffwrt hf e. rv t so t*n. T. t ! '2 Inrf© a.- err.fc «”d the 


long ti: c ? 


red to tcEt ■; t.-'tc "la.' t fee ■ ijr.'?- r?vxeory , in field 


test fele.tftj ; in cv - .rci:.'. v'-.c, ,\vv vnr It In tr;c 3 ergfat poss- 
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The scv r<" t;c' ' of yolitn- 

Xu c- i, Itforod :,n ilc pr<; ; o» 
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Fig.33, Instruments used in cross-pollinating field crops. 
Dissecting scissors with sharp narrow points. 
Tapering and sharp pointed tweesers. 

A good hand magnification lens with chain or 
string to fasten to shirt or -rest. 

Small tags"for proper labeling. 

Tissue, paper and string to wrap the treated 
head, spike or flower 
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Oliver*a Outfit. 


{Cat cut fror; Oliycr* a ’bulletin) 
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Jig, . Oliver washing the pollen off the pistil of an 

alfalfa floret. 


(Get cut fro-:, Oliver*a hull®tin) 




in Bslf-Pollinated S,.ecies , as barley and wheat, the new 
variety Is usually as clearly'based on a single seed as in c -.se of 
apples and potatoes. 'ere, however, the reproduction instead, of by 
buds, cuttings or other asexual clone, is sexual, by seeds; but 
both sexes are in the same floret, i$nd the lineage on both sides 
trace/, back to the single-parent seed, 3y m-.ik4.ng many hybrids, 
growing many individuals of several gen..rations; following out both 
formal andeliun reconbinations, tnd artistic and statistical ccnt- 
gern-r selection for the best 'possible combination of nondiscemible 
as well as discernible characters, thus seeking the occasional plant 
of hybrid origin with highest breeding efficiency, or mutant, that 
mother plant is secured which has the qualities of being parent of 
a new variety. 

While the hidden processes of the generative cell are be¬ 
ing unravelled, we can not hop© to know of all the intricacies; and 
it is probable that these aelf-pollonmted variety parents may in 
some 'cases b® found in an early generation, cut more frequently in 
those several generations removed from the first cross, HmWP* 
definite I endelian charactors ar® so recombinod as to constitute in 
the new- variety all the leading characters vital to yield per acre, 
quality and other qualities which go to make up the economic unxt 
it may be posiiib e to work in a rather formal way with relative 
email numbers. But where these major characters and many minor 
characters are woven together differently in the many individuals 
of the hybrid the quest for that one which is best fitted to serve 
as a variety mother must be sought from among large numbers, here 
the selection by inspection of lie ads from many promising plants and 
the testing of tdese first crudely to eliminate all t e poorer ones, 




a*:d then with much care to discard all hut the few very beat must 
be such as will re cult i n finding plants with peculiar power to 
produce young with hi-* average efficiency. One can only guess 
whether these rare genetic plants occur more frequently in second, 
third, fourth, fifth or later generations. Experience and theory* 
would indicate that the selection ho broad in each gem ration, The 
reduction to a few hybrid seeds and. their first generation hybrid 
plan to; the selection from only a few from among the ascend genera¬ 
tion plants, and again in t* « fourth, narrows down the basis for 
recombination and selection. Ivan the choice of stocks to be hybri¬ 
dized should be done broadly, that is a number of varieties and 
numerous plants within each variety should be used. It is to be 
presumed that the plant of the earlier generations of hybrids will 
be more likely to produce a variable lot of progeny than will a 
plant several generations removed from the first generation hybrid, 
however, variation among the progeny of the plant of a self-pollin¬ 
ated variety fror a single seed is relatively small as compared 
with the variations among the widely bred proyeey of open-,toll on* 
atact species. It is not here usually troublesome to secure stocks 
from single mother plants which are uniform. Nearly the whole quest 
is for yield and oth ,r characters the sum of which is expressed in 
yield of value per plant or per acre. 





2 - 0 ^ 

In Open-Pollenated Snecles , as corn and hemp, the new va¬ 
riety la based on an interbreeding group of plants, and it is not 
usually practicable in any one generation to reduce the parentage 
to a single parent plant artificially self-pollenated, At least it 
is believed that ouch close breeding-would be disastrous in c&se of 
nearly all species accastored to open fertilization. Here the con¬ 
stant hmdelian recombining of characters sufficiently different to 
be discerned and of characters with, differences too minute to be 
for; ally followed in en <711*,n reco bination, results in a greatly 
varying network of descent, The new strain or variety is brought 
toward uniformity only with repeated selection to a purpose, so of 
large yield, and to a form, as character of plant as observed, 
measured or otherwise tested. 

And here a® i clonal or self-pollinated mother plants, 
the paramount work is in measuring the variety producing values of 
the blood of a large number of narent seeds. The long, tedious 
nursery, field, laboratory and co s-ereial tostir.r »re efforts to 
compare the projected breeding efficiency of the respective seeds 
which produce the plants chosen ae parents of nursery contgener 
plats. In hybrids of self-pollinated species, as wheat, exceptin': 
in the selection of ' endelian characters beginning with the second 
generation it is the custom to wait at least till the third gener¬ 
ation before select! g out individual mother plants with a view to 
testing the power of each to project high efficiency into a new 
strain which might be bused on its blood, hat where large numbers 
are used selection can begin in the second generation. 

Methods of Handling Flowers .-- The emasculation of many 
of the flowers and the hand application of foreign pollen is in 
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moat oases a simple matter. In case of beans and ■ peas there is 
greater difficult.,- one! % case of many small and delicate flowers 
the work is te lions and in so- a oases wellnigh impossible. In so, c 
species it is more practical to plant two .kinds near together and 
provide for cross pollination by the wind or by insects. Under t e 
chapters on the several species, on following page*: , detailed in¬ 
structions are given Aliustrail g ao « of the difficulties and , 
methods. As a rule, those flowers which ore to be crons pollinated 
arc first separated, ae by careful reswv 1 of their neighbor® or by 
covering then to prevent t h entrance of pollen. The second. ope,:*:r 
tion in case of perfect flowers is to remove their ,nt- ora to pre¬ 
vent self-pollination, ' marking so as to record the two parent 
plants, parent varieties, the late, the initials of the operator 
and other needed facts. These two operations must be completed 
some hours or days before the stigmas are receptive to pollen. The 
third operation is to secure the foreign pollen, which is usually 
done in the same or a nearby field Just before using it. In some 
oases the pollen may be brought long distances and be kept dry and 
alive for .some days. The fourth operation Is to apply the pollen 
to the receptive stigmas and when necessary to again close or cover 
the flowers to prevent te entrance of other pollen. When this is 
•tone, any seeds which say result are allowed to ripen and are then 
carefully harvested, labelled and preserved. Sea -Figure s 

Bulletin_of the Bureau of Plant Industry, U. S. .Department of 

Agriculture gives suggestion as to methods of cross-pollinating of 
numerous species. 

Starting Hybrid Plants .-~ A group of plants fro- a lot of 
hybrid seeds, whether fro,.- the flowers and pollen of two plants, or 
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fro.' the fl©w«r# and pollan of nr. i rous plants of the san© two v 
pieties or species, are not, strictly speaking, & variety. They 
are a group of cross-bred or hybrid individuals, so:,etir.es capable 
of being thrown ‘ogethor into gr< u;.s which v-lll interbreed 

without great variation; but usually r.ultiply producing self-bred 
or interbred progeny which varies tot greatly to be worth & varie¬ 
tal name. 

In care of self pollinate-’ f - ©cies, ao wheat and barley, 
new hybrid varieties are mde frost such single par erst plants as arc 
proven by trial in the nursery and field to have strong heredity 
along desired lines. And the method followed is to grow the hybrid 
for two to five years, making general selections ©antime, and then 
Plant large numbers of seeds of th- beat, types and fron among these 
secure promising plants, the seeds of which are to be tested !■. th© 
centgen r test plats as to tho efficiency of the parent plants as 
progenitors of varieties. (See chapters on Wheat, Barley, Data, 
etc.) 

In case of new hybrids of ouch open-pollinated species as 
corn, varieties are mad© not from single hybrid plants, but from an 
interbreeding group of parent plants Yich possess both high-brcu ¬ 
ing power and great adaptability to blend in a "useful fl-.jt. of 
blood", or "an efficient network of descent", of high average value 
per plant or per acre. 

In case of such species as tobacco, which arc epen-yollin- 
ated, yet in which self-pollinated seeds are as good or better th.ii 
those produced by crossing, th® new variety may boot be .ode from, 
tie self-pellenated seeds of u slcgle not her plait. 



Bach at this point in the breeding requires scr-e 

handling peculiar to its o*n nature, 3she dally s.re the rec.uire- 
mentis different for open and eloeo pollinated species; ur.l species 

“■ ■ ■ ; -" t '.' 1 ■*. ■# handled differently from those 
reproduced by seeds. Thi laws deduced bv ,.-tendeX and those are 
following up hie . method of reheard are <• 1 ready Helpful in laying 
out t■e plans to b® adopted with each spades. But sotch of the 
work of devising nod proving methods in being wrought out by the 
men who arc breed! rig directly for increased values. These newer 
facte necessitate tUr.t the brooder of each species jafdce specific 
plans for the treatment of his Hybrids during their first yearn. 

It is a natter of very grant visdon to widely consult others who 
tuuy criticise one'* plans 00 iib to point out the impractical f eat- 
urea and to give helpful suggestions. Schoola of methods -in breed¬ 
ing are being organised by our agricultural colleges, and those who 
wish to follow plant breeding at a business, or even engr-ge in -.m- 
tcur plant breeding, should attend courses of study where both 
t :eory and practice work arc given. And since new facts arc being 
constantly discovered the hybridis «r needs to be in constant touch 
siith thbue who are investigating heredity and breeding. 

T2STIM0 VABX3TIBS. 

Those State experiment stations which have most thoroughly 
organised the testing of varieties in con action with breeding by 
systematic selection, and by Hybridising followed by selection, are 
fully convinced of the economic value of a well-equipped plant 
breeding establishment, with branch testing farms, in each large 
agricultural region, for testing varieties of field, Horticultural 
and garden crops, and even of forest crops. Proper notes on in- 



proved for s of plants- v n be secured only by proper tos-M-g <f 
v vfiaiteo and r oon-’ltiont • •"-*:* tholr v *i *mo nv b« .•« ny.hvd, and 
cor.ip ».rab3c i . the conditions und* ahicl grew* r;- wl sb to plort '■'■’oi;. 
As bofcre iwitlonod, the first, raqu l site ir> abundance of l.-.*d on 
,.hloh plats uniforms in ohaiuct* r ns be laid out <vn4 used cent > *m- 
ously, 

TNb l Siz es of Plats for Testing rotb. r Fleets .sir! Varietiea 
is not nearly so important .is the nifur. ..it;, of t o soil. In fact 
by the use of short row* md oih r forms of small long shaped plate 
with duplic .to xiA t ’iplic&t* rlnts, nudh c yn he done to norr-.ct 
the irregularitio s of soil, and thus reduce the conditions of the 
noil to ... nearly uniform basis for o,l3. variutieo, thug ?souring a 
nearly expression of t’-.e heredity values of th« thia&rs or clone 
plant oi on tho duplicated, plat s fro the rf->v active parent nl • -ts. 

Thus the- flva foot drill reves fron the ring*« hcads of 
wheat., oats c>r barley, representin'' j**ny nothrr plants fron vhich 

%X t 

test with very slight cost of a large number of promising mother 
plants. By aiding a little mere e:<, anno and gaining nore of accur¬ 
acy the needs fron the single spike cr pfoiiole c n be planted in. 
the seventeen foot hiIf row. The seventeen feet drill row serves 
to test th<- seeds of roth-T plant« of those crops chosen from the 
hill planted foundation bed or secured with care frora the field, as ' 
.in the ."cndolian selection of hybrids. The rectangular hill plat 
la a more accurate form of plat for testing the seeds of the mother 
plant. Especially in the early g an rations of hybrids and in theo¬ 
retic ..1 experiments is the hill l>ohi inea-qpsnsive and most effi¬ 

cient form of plat for centgoncr tests, md cent gen ;r hill planting 


v :« Heads i- tin ripened field,' serves to miss a crude esntgoner 




dev ices are very useful. 

Ones the ntOOJ: or see-*'* fro - _ ' l»iglv pl.o.b, or 

a croup of o.-rent pi ,nt, , 'u.-. tooco a touDe seed to bo l.-.iiol 

plats of larger ola» moy T&e ussod. >.-aay 
irp', They are not to nerve ua re*cords 
to serve In trio elimination of the irony 
f test. Therefore |>lata of .prty convent* 

i&s mo&t excellent 
results to; using ve.13 small plate, k?• all that a ?-1 t-x vuri. io 
dons 'by hand,. Thin r Icon it possible 'o no train a feu v.urloisn 
that a largo plant breed 5 ng eetuhlish. nt cun he cur iod forvard 
t ■ 

d redth. part of an acre down to one- four-hun dredth part of an acx’e. 
fliers smaller plate greatly cocnor.iaa land, labor and 6 tor age room, 
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cereal s fort ft-, vegetable pnc ! . cth»-r r« .all- r platoti*. In oatie of 
corn* cotton, potato, fruit, trace?, fore-et trof-f- --rd ota.*..r larger 
plants or plan to ••• o-r Thicr intercultur* 1 horse tiling* ifl used 
the riser of the plats. fcunt "bo adapted, to the conditions required 


toy the crop. 

Preparing the seed bed .-** The land for variety field tents 
should toe prepared with nearly ae much care a© land for the plant 
breeding nursery. Since the different varieties 00 cwhat unevenly 
affect the fertility of the coil, it io necessary to rotate the va¬ 
riety teste cf the species to toe to.; too with ero.'o which prepares 
the land for the species undsr tact. Thus variety tests of spring 
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oiptilar to :hi;i are negoraary, onf a thorough rnowiydgo of far.-i 
iianagO; -.e;rt i3 one of the ;aort important rr iu its on the part of 

the auocesaful breeder of field and other cromt, that tbs land for 
tie field Plata aa woll as bwi far the breeding nursery plats may' 
be in good condition each year for t -a respective crops. 

An ao iv -a .1 Xha i 5 ii 1 far-: in Pilch variety teati. p» is one of the 
leading lino., must be rail or451m.hied no t* h m-i table 1-nid be 
a/ tilablo f r die rep* Ired u>.i- hoc of o-» rioa of plats for the several 
• elaaaos of vale'lea to be tested r.ic’t /ear. It'is important tV,t 
inure be series suitable In siwe tb d all variuile of each olasse 
:oay be on plats of tioil -.bik? in yielding power, that, their yields 
may be coopered and tabula tad fro-*i year to ya&r. This requirement 
r.akes far:, yrn.gs; .ant on ni axj-eri.ucrt farm <vi Important problem, 
requiring foresight as -.veil as skill. In .any o&sce, especially 
-..-nerc tns rainfall is light, alternating & year of bare fallow with 
a .car of plat tests io altost necessary. It aid- much security 
against the occasional -ear *h«n i’:e droot*-. JU so covers ti. at the 
plat tecta .re a faiiur . By roans of a ou wr folio-.., meisture is 








accumulated one year for the, use of the cro n the next y ear. In 
some oases, where the land 1*? poor, e, uniform planting of so .e le- 
guminors cron like cow *eas or field -e^a n..v r be grown ik* alt? mate 
year and olowed under when gr«*n, th b to nace the soli ' acre pro* 
duett to, as veil ae to bring It. to greater uniformity of condition. 
In many canon it will bo found t’rvt n two-course rotation will n» f 
provide good conditions for a given cron. Where sufficient land in 
available it, is well to divide it into several series so as to ac~ 
co■ modate a, three. four, five, or even longer rotation.. Then '-bun 
a given crop corns® in the rotation t variety test platt of f •.it 
crop cun be planted, land used for variety tests should be kept 
free from weeds, because weeds are rarely evenly distributed and 
they injure one plat more than another, 

Fie l d i Va riet y Year Bo okA book called the Field Variety 
Year.Kook, one for each year on an experiment farm, serves to re¬ 
cord the planting notes and other notes of variety test date. The 

tabular forms under the respective crone on >ageM______jshow 

the* headings used in recording the planting notes, numbers, names, 
etc., also the notes of yields, disease reaiotenoe, for the ,reelect¬ 
ive cron?, the breeding of which is discussed in detail in the latter 
part of this bulletin. 

Mote,— Blank forms in Which to record the various oi .ma¬ 
ss of notes devised b- each station, firm or l^iv ; dual, should be 
numbered, ass linn. Kona lio. 7, or 'Minn, fora do, JLdtf, for use in 
testing varieties of meat. A “For" 'flock", into which a cow of 
each new form as pustea and given its aerial number, serve* to keep 

a record of blank forms devised. When a blank form is revised, the 

ne« form can,be hasten ov r tne old one, or, better, it cun be 
given a new number, and a note ade on the new a-d old sheets stat¬ 
ing that the form under the new number t.-> ceu % s,e place of tic old 

form. 





Fig. 59, A View of a p tion of t Agricultur¬ 

al Experiment Station farm, showing fields, series and plate for 

the year 18»9. 
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Pig.39, Brrduirg of a field or, an errc ."‘inert fam, shor¬ 
ing permanent divisions, i&ch year the grain crop, forage crop, 
pasture or Creeling nursefy on an;/ gir-cn nravtl field err lie shewn 

by writing in that field the name of the crop. 
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Fig,40, Showing how a field, on an experiment farm may he 
pertinently v,iviti.ed into Ocriea I iu XI, on. which varieties of 
field crops are grown in test plate. The square plats are especi¬ 
ally adapted to running the plats north ana south every other year 
and east anti west the alternating year. 
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lig.S* * oolia lines illustrate a blovk of land as dl- 

vided into plats running north and south and planted to wheat in 

ItOa. 

Dotted lines illustrate the sar,® block at? divided into 
plats running east and west and planted to corn in 1904. 
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Pig.4. Long Series, with Cross 15 lats. 


Field A, Series VIII, showing division into plats 1, 2, 3 
etc, *; a 6 rods, c*a sown to varieties. Where a section of the 
series is unusually moist or rich, or thin and poor, a broad plat 
can he skipped, sowing it to bulk seed oi the same species, possi¬ 
bly to some net* variety which it is desired to increase for field 
planting and distribution. 






V-'l•*•••. •' w<» «• . *■«»» of d t;l ,tc t’ < 2 *nd can be no divided 

a© to have a rotation of *a> four veers. This will then make it 
' <» gro . • or. . scion not oft-.nc. r t** n once in four 
year*?, the soli can bt ke t fr= t of weed seed®, fertile and in 
good ■ ■,eeh:;.nical condition for that crop. By using the meter as the 
unit all » ' -.’.r: are -onto a; i *reao lay be ax »re .toed in metric decimals 
The small r.Isanti of the plat® makes possible the division of the 
land into plats of the different alees. Thus the 100th acre plat, 
Can he divided into two 200th acre plats or four 400th acre plats. 


Or expressed in the metric area# the 
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Form* Size 8^ x 11. 

wheat. 


FIELD VARIETY YEAS BOOK, 1904. 
Field T - Series VII. 
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Spec linen pages of Field Variety Year Book, for wheat. The box headings on the columns show the notes which are to be filled in; the open spaces in 
the blank form show the notes taken in breeding wheat, {See Table under the respective crops other than wheat.) 
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try not*® can. be t v an by 
I rt c t"! ' r ca j 3 o a o nly at j. c!i 


Z-vaI ’*lth mm species all nurs- 

In si ,?€•*• in-r the growing and ripen ng plants, 
.note® a® height, carllrtess, etc., arc 


taken in the fields, .ho* infreo /Or?tly ssaplee of averr*gs Plant®, 

. ... 

b« recorded in the laboratory. In other cases records ust he nade 
of the yields in weight of specific »r* ft. hot infrequently the 
ripened r rod act isuct he taker to t'• c laboratory and tested for qs wi¬ 


tty. A system ef tests and notes must he devised for each species. 
The Field Variety Year Book in the anmic.l - ey to the field work In 


testing varieties of the various species, Sec pag*__, also Pi c _ 

Va.-B of !>:,-• cri. .crt F ields.-- Prof. J. II. Shepperd, of the 
Uorth PcJcota Sbtqeri- ent Station, has demonstrated the importance of 
keeping an exact scale drawing of the experiment farm with its 
fields and plats each year, shoeing the location of. every plat, 
variety and experiment. This co-etiwes avoids errors, five’’ ch xtc 
show the exact environment of each plat or variety each year aril 


also the history during previous years of the exact plat of land. 


bearing it. 

Viab le Hoa ds a Nece ssity in Testing. -- So insure unifoir*, 

good'stands, the seeds used in variety testing must all he viable. 

ryreat care is necessary in harvesting varieties nd in drying and 

* 

storing the seeds so that their power to germinate may not he im¬ 
pair ad. In case of varieties secured from outside sources, it is 
ver'-' often necessary to *rov. : the variety one year so as to have 
fresh seeds of auf fin lent ly strong viability to use the second ’""ear 
in the variety field testa — ur to plant in nursery foundation 












"beds, Thi*' -'X o river 4 he r ■ 1' ini rouucon vr*riet;. a year in t;h.ieh 
to adjust Itself to its new er.viWment, as is discussed «lf?ewh«r*. 

3v«r;i brern> r • ••« tests varieties by plant:>ur their nrt* 4 . 
should test the s* eds used-for v ability. The Seed Laboratory of 
. ■ - * nn c - ■ ■ the 

Ic-nyf;'. oT + ’ <•■ .; Tunuti 11 • -toil of n- n; varieties and as to r ir~ 
atns and. -r^thods to be used in testing seeds fop viability, t-hile 
sc o y.xrietiea are tauten-"with <li t*C culty, f .irly acoon.te test*. 

may be *d before Planting roost «• ’"da; and record- should be )■ <v*~ 
of thr Percent of germination xr ta. f > < j 3 .<i. 

There is often need of a knowledge of hoc thickly to 
plant each variety, none varlati«* stool or branch much nore 
than others of the »-;;■*« r.~onieei com have larger seeds than otherej 
and owing to their or the character of their surf ad*:» some 

varieties euss through, shading laehinery no re ret* idly then others. 

In rseione with sufficient moisture ro that broadcast!ng places th*> 
seeds under favorable conditions ns to noistars, seeding small plats 
by hand en.iblep the vorlonai* to distribute evenly the onentity of 
sect weighed out for each plat, there djoii.thy condition® make ma¬ 
chine drillinr alMOBt imperative, that t.i ? needs ' pc' ftW be care- 

■ ; ■ 

all see ls o\ t in going once ov*' ? the plat Can sometimes be sower* 
broadcao* end covered :s by tc one of the harrow,. that the fW3 
amount of seedr desired t ay be planted. 


Plantin 


vfU*itv t «•»t t)3. ■ t p 


The pluntj if of larger 


plate of oiui-t .ventieth an-i one- tenth acre, of flair crops for test¬ 
ing varieties cy be done by the or.'i -v rv ore-’ oj*f?e or tv-o-horre 


planter, drill or seeder, or by such machines remodeled so as to 







{ 2&3 


P 1 5/.";A aocurat-si f * o d® Ire^ -. 1O0 t r i cf *3«■?^^ yf t>« 'if f^rcint ' ! a- 
ci»o at such infinite iepfchfi as rsvy '*0 disc. <e-i u wen, fhus, - it 


groin drill. '.•'I-- SO; */i »lf.nfc,* v o * .0 * n;sr, .... c— • ** o tv 

’ *: /.'Tit v.-o 1 in Plv. t:.. »j in & .-aii’wn taruxr a*, .e cf tip fid : or*.- ;a. 

u } nc: d of tba invention and construction vf both h«*n 1 and 
byres grain-drilla of oth ,r lac.'unery -hr nccur.At® test .. lant- 
i, •* s . iade that %•'&: mar. be adj ate to accurate lant~ng 0? dif¬ 
ferent tvicu,! t.v of each cind of seed. of the grains, gran sc »> clover* 
ur.d roc 4 cro a. f o principal , art needing erfecti g in the force 
feed, -.'••• * It • rv. ul<! be qu& able of so adjusting at to plant (a) 
each • . /I red amount • 0^ acre of each kind of a ted, or to plant a 


.jivsn aumb jr of aeoda in hill- at such distances apart as may be 
tic.-ircd; Cb) to give a record of the mount per acre planted of 
each kind of need; (c) to be easily and accurately adjusted to dif¬ 
ferent . *.iou itn of seeds and to seeds of diffv ;*sr,t sizevs; anti (d) 
to be easily cleaned of remaining seeds, that the seeds placed in 
the planter -m& those removed may be weighed and their difference 
show the amount actuallv Planted. A table of the mounts nor acre 
cf .vi *A : -if each else, form and weight of each specie ■ should be 
developed, that a printed copy taav be tacked on the seed box, bo 
th.pt the lant breeder r .v au just f 0 machine to plant an even num¬ 
ber of ceedi- or to plvnt 1*. given .'eight of seeds on each plat, as 
he nay oho© sc., 

A two-horse drill with corrugated rolls for "force feed 1 * 
or other tst‘«r feeling device, m 1 <‘■1/,' $ .md on?.--fourth foot wide, 
ni vt'tin » ; 4 i rod ,s ;ids at each round, or h similar drill, two and one— 
half ’voters vide, olg.ntlvg five metwide %t each round of the 


tern, is a convenient sisse for plats to be planted with power aachir 
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Vs 

' . t-. . - i <;S 1 i F j f t 

inn • ver ousts at un ‘.f<»r . 3 a- V)- of fcv various fisl an veil or. 
r.ydan r* » '! ><.*' 1 ; *-rt neeou, f; ' in ;* ,ny «.re r#ft;r~ 

ref tc. t a <crlner freer- 'toy hurt • &., oven for j lurtii:* tcrt pls.tr. 
of gr. lot, in.--: oth’ r field, crept;, C?.al3 achinee cufpJ Le.\ ' otto- r «f;v- 
lore or olco-tric . tt t, i.i ; ht be devisee wzt.h -hie' tv plant t ess 
plot! Beet ft cvrateXy urh e-:rtdi< icuiOLh . 

Ary eriitnt elation or private brooder of field crops 
deeirirr tc ccc. re * nci seed drill, a ccm-plunting - incline, or «, 

1 . 1 . drill} .f'Mv.it.t :i tc pl.'.ntii. vorit-ty tent plats of field crops, 
ff - fit v-ri ;t lnpuiriei to Plate id *«sri tr.nt f-itutiemo t.ct. to the; 

'United States Dcu'urtfsant of Anti culture for advice as to t c host 
available . achine for the varieties he desired to teit, "hero is 
needed t- central agency, < • rrcK with f a out; of keeping tr»ftr*:*d 
ec rt-rn jv* «1? devices Assigned for use in plant b ret liny nr-'? with 
t*■» farther' <h;ty of assistinr erperiv.entvrn In carry ing onl the ir.» 

V ntiu? t • h <o str c-tltof of surpentoc achirer nd devices for ' ich 
necessity ■ rpIsp, fe* of t" e-v; devices will ho needed 5n ev ffi» 

1 1 t nusrl-effc to warrant the expense and trouble of ©ecuring pa t- 
©* t , a* :? thi-r develop; :ent r«* ’■**rusfactr-rc aunt be ent-o.-r&ged 1> 
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having seeds liffev injf in also, and there is need of planting r,.,- 
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can- 


ehlnsty with ’^ich the amount of «•»- ,s pi 
trolled -:Od recorded, 

but "...Tiport.c.,nt fh * the po.iu ‘ tvi' •' r* ,1 f ‘ 


nt ad m..’-' :n. .'>r- 1 1 ( - 


-It it not only donirnble 
■ ' . ion of t n null 


* 


used for ^erdr vari. rtti^r of 'out cro'u*, the .u.tr-t-u* of pX>u‘t3vr* 
and t, he ethod of cultivation shoo 14 bn nor evh: t better than cn t -a 
or j inary farm; bee nine o*-r farm! - i* 1 constantly bfJ.rr improve * erf 
because t>c breeder obowld lead «t> to better fhirtyn? h\* providing 
njarta and animals of bet* r breed Ang to be nee* ir an enhanced 
farminr bnriroe' where plants quickly rernon-i to s r?orc prod .c t ivo 
soil; el ro because be^t-.r breeding lead© to be J 1 ” r culture. 

Plato of all hoed cro s, a* corn, sormhyr, potatoes "d 
cotton should bn cultivate^ uniformly, so as to five tmifor ilty in 
depth and in dirt mulch, and they should be ksrt scrupulously clean 
of weeds. Crons closely drilled or broadcasted must be bent oloan 
of weens mainly by the rotation and cultivation of previous crops. 
Whore large weeds ann-ear, they must be removed, with the band, hoe, 
or spade. As a rule no cultivation ir given cro-‘r thus blunted, 
from toed tirae to Harvest. In sons oases, where a low port ion of a 


plat has been injured by excessive water, or where weeds, rtise sets 
or 1 assets have seriously Injured & portion of the plat am the r - 
•editing portion is left uninjured, the weak »ortionrt rasy bo c..t be¬ 
fore the plate are > oeveeted. In this c&se the greatest c .ro .is 
needed to follow atr.uig t lines in cut tin.'* out end at one© -®j&£;ur~ 
lug and recording the remaining areas, that the record of + ho actual 
crop harvested may be correct. 

Taking field notes .— Aa in the case of nursery date, it 
is wiser to record too many rathor than too few notes concerning 
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In case of crc---f< drilled or broadcasted, v/hen the riant# 
nva a r r..1 inches hi*f-, Cuhoftl not''*" should he * Icon cf tic thick¬ 
ness of the stand, Pome one sr«■ % tety vhick hss the appear.-.no© cf 
having g rocf! star* nw he token at a standard, and other plats nay 
♦ton he cw r, nred v ith *t cn a percentage ha#In. If *>i« plat is 
pieced nt say 85 or 90, the other# can he placed above or h -lew. 

93ate in >1 ich. the plants are too muserous may he placed b* above 
3 pn, fh'e pest veri.r.s "a*tor cf so curlrr an oven or -in ©r»;Stable 
stand cf a lc*- of varieties vlth seeds of different since and. with 
different d.tgrea# of geminating power should hn studied at t v, e 
tJ r -e of taking notes a the strut secured in relation to the eir.es, 
weights and fcr;« of tho.tr seeds and In relation to the amounts 
actually planted., and also in relation to viability as pf-can in 
r^rfotno-tion tents rad© skiers to pi suiting, In none case r the 
steeling habit of the respective Toriotier sd culd he studi ©d end 
rotor r'.cds on. * , heir n* l ’ ivo nowrr to **thitf■ :.s n.•* i-« r*oolinai** 
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the plants m\v be thinned to a uniform number of plants per row or 










per acre. 


ft .* w- . tVi * - I I 

27 '. ...i'i i.. .. t ft TaT-CC."'. •. 


• It; t e ■' i - r . ’ I ?. .? 1 •• t 


» e A -U'i .-f t : -T, 

re:, -.j rw v ,rietii n c be 

■■ -x .7 i 3iiC ; ■ AXj.7 " v*Vu 


4 4* tv .% . - l 

* : . i iJ 0 •:: • > 

Or: 

crr>un 

1 d ... • 4 a .,*4 i »1 ■ 

. ^ ’•• •' J* *1* 4 





dtl,^ 

;\ p /h 4^ 

a f 'P-tb - 

-■ ‘ *. ••-» -vt >. k 

; 4 ? t a 7 

ro 1 . ; ■ u. 

■ i.rX» if; 

. r aaoo v : 

, ']h t S t 

VI : 4> 

Us , 4* ^ \ 

1 " 3 o .1 ci 

j.lar cro ■ 

cAlA-U IvV U -O v. Ue 

iiti-c 

3 in 

*| vy yy y: 

nto 

UTO 

«/; . ■ flair 

lor ~3e ■:« 

b ectivc cro ja 

5 mant 

ionexi. on 

it-hr-, pli 


V;i 11 

i.i'h Bl- 

■> |<%O *u v 4* * •• li 

a f> % W %• # 1f J1 ,ht» r ; € 

> .4 ; i u IS 

to cover 

in t '* rr 


c *;i vo 

OlLiX-" r * If *J? O 4 . 

varieties 

# di- Oliii# I C 01 to 

rcou i 

re a t ’ 


tlor. nt ; cori-vir. tints, Thvn, records of ike rust in Cereals ski.-aid 
he * Jen on such date or dates vhan V e ciuonut of injur;' can. best 
"be predicted fror.- the appearance ef t a runt showing on f: e blades 
and ate; n , Holer; on ability to stand erect, as in wessons s/hen 
jaucli rain Ci,ur:;s lodging of grain cro ;b, must be taken after each 
Btorr,, And sore consideration tarot be riven as to v -ether each 
earlier or later featuring variety v/aa at that stage of its yrowth 
'■•hen roet susceptible to beir.r broken down by the wind. dud" 
rot-e ar three cn time of flotierirg nd. ti..e of ripen!:,; cermet ..-11 
be taker, in one dr.;,, but the eerier of o ’ JL «*v v, f > aart >..•£• visited at 
frCCtlCHt in 4 


bote 

0 

* itch on: not •■-cf.'oh 

r^r f», ,%r 

1 f © 

dv. aid lift 

in ycr- 

certag'??: v^erc 

m 

r.icticable. en^.-v* 

r poe-eible 

two 

obenrvers 

r-'u-.W 

t?f .0. lb f'; 01^» 0 f-1 h d* 0 

in. 

notes Thick 

ifi th si r-s£ 

ult. 

of ocular 

1 1 r a; - e c- 

tiou, SC t> :t 


ler-.tu’to of each .' ^.y 

l>e chaekei 

Up 

by tic or • 

sr. By 

both: forsuiry * 

* ■■% f% 

w 

3r r-ir-ds as *-• i v e 

cree-tiae-s 1: 

>ef 0 

•v*, /.* 1 'f i t y-> 

k o "..ft e. 

m':$ then £?.d.1v : f' 

4. 4 

ny liffurmicc si, tber 

0 '’tea:: ju. ; 

|rf": fa 

nt.8 M •"■a;/ b 

0 f ' h ; t kl 


Tvit.b n rr?' ■ - yroo of -a ' It; tC;< )Thc; * In ver r ii'T-Or* ..ef CftfK B 

three should those work together. Boon the chary competition of the 






&2)f 


w . '■■} VKf* t . ■' 1 ' iXXiii % Xil '.* • ..j, .«*» 

t U U> . i - f *• •?' } * ,- •«. f ■ " , 

'Jw i -, :; v V- 

* .* - v . ■ * • , t * ' 3 ^ 

#* *. t .. './■ . • -j, .,-• " i v*-... -J» '4' . v»-i. 

Olu..:; , X s :lO~Ty . \v,a X , 

t x.. s Xn ■; y * 


«"X ' • ' i V„.\4 ‘ 


I. tr “.*■ ■ ) •■'■*> * | * •> It V ••» "5 M %,-i -«• •> I 

=•.. t ; u:r vv 1 /'. yc 


4 . 
0 ; 


«*** 


it 


t y Wv , ;i. $ j rk 


JL C * A ' 4 V i .1 w "”•%* *l r ’X* >0.'* » ' r - * H&* tr *> i. 

Ob ior/yrx 1 ! - 'xibli of *vi *»* lo c?v* 


i X ^‘*1 v ;.r«n ‘ ,'ujI; * 



c :..r ? .% text. 


.; '■ W «N 


In : ;..•,: : ' Ouiv 


1 . 


. . ’• • 4-“* », i‘* . •' , *W 

v ,; aj ; ‘ ■’ h. iB )'-On,c-\inv »'.».• oX ♦ ao i> 

.o oc‘:-rr^i .:.t ..':■* n^^niiary* to ho 2- id; 
■ ':' * \ti/ ;;f hef*>:■’■.*. .ar^tian;«,• if; xu 


Wj/tV* .. ‘ V ! A. '■ ,■:■ 

^3 i.'”’ *• i;»•* i; : n «ir. wr-l.-rvu^ 
in ov i J : &K. fu .. v « 3., r >; i :• - ,r 

iia; ' ou ‘"icie/it aoeu fr^j 
t ';■.. t t e t.. : •!, '- "I.;,f, t-i .’s....’, > 1:4 be /l;ar!-.-i w: th 11- uej. •; i ;ed 

;i....-.’d« T!i...n onl;. avoir:. . .. u.,..c..J, uf tic n uf auch 

civ ...a ...j? ft tx, j;» ; uata, "but it affect i >1 a al act loti of tHe 

x : 4 . *>;-■-.* -.. ;.'l3 aThlc’-j ad-lc jlifhtl/ to f a Tana of t'\a -train, 

fv J. /n t : :.;.« ;;:iiiGtion .• c not - .> nf .."ectiira aa that carried Out in 
! . 'i t.ii.'n / v afi'. h* "h-vttj vi 1 othoi*® s' o-« V’,.t 

.j ->,0 a let n*ov . ; a it >f av v<i tiou , Inc taf n <* ci' a is 

■ tre occaalonally or fraely cross™ 

•. tf ^ 1 VC in CTO'OS ”i' ! ich ttT© 


bf tHI a • <t. 

:o jO a 

ianroTt ; is it 

"1 icho* 

t. fi*' 

h aoacles i?h 

no 111,/’' h,e i, 

th i a fo 

election '.a . 

r 0 1 ■ 0 * f y. • 

r t‘i« Ir 

a o'’It:, this 


plat '. 

3 33.->«0lall7 

.ill. the 

j.. v v :l }.it '■ 

fro ; lor ’.sho 

*1 m 

» -1 i'l ■,? 5 • 

V w:.-#T-<u -.4 '» a 

. 

h: ' ' * .*■ ^ | 

or u; ya .'iry 


V ifl «tv , 

c in Tv 

th is 

type, si 

*V fl* ••■ & 

\j K, . -O X 

the non 

hnnesotn 

, Station 

v/&» re 


hirf.-i for f-.* .rn tiatriy. ’ ion , Thus, the 'hitves 
t u».„t nl to X;v fr«rf- stocks of Tr inn. r©. 169 Tf-.aat, f j rtri^y ted 

several yi-fB later, but rhich on ;-v*ny firms had Uecons echanicel- 
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Jim 

3Ly mixed with fife and even with bearded varieties, making it less 
salable for seed and of let-e value to sow in sections where it 
yields * atari ally more than do the common varieties by which it was 
adult -rated. This fresh seed thus provided was not only pure "'inn. 
Ho. 169“ but it had been slightly improved by this further selec¬ 
tion of best spikes a- 4 best seel from t e.?o spikes. 

The grower of pedigreed seeds who will follow the above 

general plan and will thus hand pick sufficient seed one year for 

t 10 next year's planting, and fro.*:, it grow sufficient seed to be 

sold for seed the third year, will always mve a claim of uptodate 

superiority and purity ol type for his stocks of that given variety 

both to insure better prices and more certain sale for all the seed 

u 

he raises, A state' ont in hi a advertising that this continoue se¬ 
lection is carried forward will help to sell his seeds at preferred 
prices. 

This method of hand picking previous to harvesting or 
threshing is expensive, and where there are many varieties and very 
careful laborers are not available, much mixing and wrong naming of 
varieties bo- ©tines occurs. Immature seed also is often picked. 

And in some cases it is not practicable there tie breeding estab¬ 
lishment has a large number of plats coming forward at nearly the 
sales time to secure a sufficient number of temporary laborers cap¬ 
able of picking tae best spikes or panicles from the ripening crop. 
Another eihod which is often much more satisfactory is to have t e 
type of each variety plat correctly marked in the field book and 
then aft: r grain has Matured in the shock, save out a few bundles 
from the plat and store these away until time for careful selection 
can be had. The bundles for each plat are then laid out on a table 





$,3 0 

im- 


1n good light and all foreign type© eliminated. The pure types 
remaining are then t -reehed in the "centgencr threalter* and the 
seed saved for the next year's planting. The weight of seed thus 
taken from the plat is of course a--led to the hulk thrashed in the 
larger machines before yield per acre is figured. This method is 
cheap and Can often best be used by the farmer and grower of pure 
bred seeds in keeping varieties pure. 

All seeds of wheat, oat a, barley, flax, etc., for variety- 
test plats are graded with a machine such as the "louder Grader", 
which removes all but two heaviest seeds. (See Fig. ) Electric, 
gasoline or hand power can be used to run this grader. The selec¬ 
tion made with the "Wonder Grader" has slight effect in improving 
the variety, which Is worth something. 


COBBBCTXOU Ur* FIBL15 HAT YXBLDS.* 

In testing the yields of varieties in the field the theo¬ 
retical condition assumed, and striven for in practice, is that all 
conditions tending to modify the yield shall be reduced to equality, 
so as to allow the actual difference in yield to be an accurate ex¬ 
pression of the true difference in the yielding' power of the varie¬ 
ties tested. The large amount of space and time required for these 
experiments judtified an inquiry into the accuracy of such results. 
If there era Causes of difference in the environment, whose effect 
upon the yields is greater or as great as the inherent difference 
in the. varieties, the experiment beco *>a worthless, except as an 
average of a series of years nay roughly indicate the better yield¬ 
ing kinds. Among the outside Influences are, First,— preparation 
of'the soil, fertilizers applied, amount of seed sown, depth and 
method of sowing, tii e and care in h rvesting, handling, t iresi^iag 
and weighing. All of these conditions can be-rendered uniform by 
careful co: sclentious work. Second,— climatic influences. These 
are uniform for the experiment of one year. Third ,-- soil condi¬ 
tions. Here we find a serious difficulty. Equality of soil condi¬ 
tions is striven for b: select* an area with very gentle slope 


& This is an original publication, a xsthod of correcting 
the yields of varieties necessarily grown:tin series of plats on 
undulating fields. This method was devised and used by Ur. K, 11. 
Chapman, then superintendent of the Branch Station at Grand Bapida, 
Minn., and the language and drawings are largely his. 












and as uniform in other respect n as possible, on which there has 
been the same system of cropping for so • years previously. But 
■uniformity can only be approximately attained hero because taobfc ex¬ 
periment farms were not chosen with a knowledge of the future needs 
of land providing for uniform plats, and too often the fertility of 
t e soil varies fro; rod to rod in all directions. But ©van the 
»u..-viy of plant food is more uniform than the moisture content, 
w’rueh is influenced by slight elevations and depressions, or gradual 
slopes which do not appear conspicuous to the eye, uM also by sub¬ 
soil strata,* 

The relative -mount of moisture t‘-e soil holds in readi¬ 
ness for the crop at differ© -t , orioda of the growing season baa 
more effect on the crop than any other si gle iufl .once, es *eci> Ily¬ 
in. a region subject to periods of drouth; and this effect is equal¬ 
ly pronounced at different points in a field for any one season. 
Certain portions of a field may yield the best crop one year and 
the poorest orot the next, due to the varied balance between the 
amount of rainfall, the elevation'and the drainage of that particu¬ 
lar portion. The texture and character of the soil, whether clay 
or sand, affects varieties differently, some doing better than 
ot era on a heavy soil, while on light soil the yields may be re¬ 
versed. But usually a field is available where such variations of 
soil texture are slight and can be disregarded. The variations in 
the moisture content of the soil, however, no natter how level the 
land is, are sure to be much larger and i ore disturbing to the 
scientific accuracy of the comparisons. The recognition of these 
facto has caused many scientists largely to discredit such compara¬ 
tive yields, although yield teats are a na*ter of rreat national 
importance* 

Increasing the else of the plate does not offer a solu¬ 
tion, for acres will differ from each other as surely as any cmall- 
#r sub-division, often sore. fowevor, the influence of too much 
border is an argument against too email a plat. 

There remains the method of using check plats to elimin¬ 
ate if possible the difference in yields caused by these variations 
of soil and moisture conditions. But this method will not succeed 
unless systematically and intelligently a, plied. It will serve 
merely to show the■ experimenter th.,t his cor; ar Isons based on act¬ 
ual recorded yields are not trustworthy. 

Check plats, all of which arc planted to the same variety, 
should, if the controllable corditio e mentioned are made uniform, 
give equal yields, and the differences in yields which such check 
plats give can bo attriljjbpd to the variations in the soil and mois¬ 
ture conditions. Check plats may therefore be used as possible 
bases of correction, by which the effect of such variations may be 
eliminated from the comparison and the actual comparative yielding 
po.-ar of each variety be closely determined. 

But unless yields of thee© check plats cun be compared 
with the yields of the varieties so as to get at a true basis of 
correction, the original figures should not be modified. It is 
believed chat a .--Ian based on the fo sstion I bo ap« 
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Tig*!. (Yiith original ‘ G. ~rf-1 n*.t ,/t t ,vle.) 




C ith origin.;.,! ‘T>, Brawl' Mi not- yet tmde.) 



piled In correcting plat yield© In many caace, 

Acousting that t -e field used ia a rectangular one with 
the Plata running aero©a it, as in Fir» ■ » variaiio •» of pi oil clue 

to soil and moisture will occur tram end to end of each plat and 
fi*o plat to plat lengthwise of the sarins. 

The possibility of variation frun end to end of plate is 
greatly reduced bp having a narrow series and consequently short 
plate. The variation frun plat to plat may he measured by cans of 
the oheok plate. The mere frequent and the narrower the plats, the 
hearer the check plat yields will represent actual soil conditions. 
Plata one by eight rods on -aeries eijht rods wide are the most used 
alee arid the following statements apply to then. 

The variation in the productiveness of the noil fro -a plat 
to plat aero? o the ©cries may be expressed by charting the yield© 
of the check plats on crons sec ion paper at regular int rvals and 
correcting these points by a curved or broken line extending from 
on * end of the ;series to the other. The variety yields on the 
intermediate test plate may then be corrected by using th s check 
plat curve a© a basis. Stated in detail, the method is a© follows: 
Plat the yields of the check plats on cross section paper, the plats 
bei g 8-•a'cei -nd numbered from left to right and t'-e yields scaled 

fro;. below upward, as in Pig.^_. The points masking the yields of 

the check plats rwy then be connected by line©. Ihsther these point# 
are connected by straight line© or by curves and whether such curve© 
round upward or downward between points 'ill depend somewhat upon 
the r position.of the adjacent check points on the • and 

somewhat on the comparative noil conditions in the field, a© deter¬ 
mined by the expert'-:ant**r upon observation. Experience and records 
of previous years may be a help in drawing the curve. 

Having determined this curve, the points where it inter¬ 
sects the line© .1, 3, 5, 6, etc., .ndicate the yield which th*? 
check crop would have made had it occupied these plats, instead of 
the varieties pi- -'ted t-.ere, Theoc yields which in this case are 

taken off in tenths of bushels are entered in column 3, Table_, 

opposite the respective variety test plats. The average of all the 
check plat yields is then found by adding together t>e actual yields 
in the check.plats, and dividing by the number of plats. 

Considering this average yield of thecheck plats m 100 
percent or 1,000, the ratios of tie theoretical yield in column 3, 
to this av rage are determined and expressed in the percentages 
(.-.hewn in column 5, which represent© the .amount by which the actual 
yield of the vuriet; is increased ordiminiohed froju xta true yield, 
b; the effect of soil and moisture conditions. Thus the average of 
the check plots being 86.& b;> the yield of No,17, 110 bushels is 
only .904 of its true capacity, since the ©oil value of the plat is 
below non ...1. The yield of the variety under test on each plat in 
column 6, 1© therefore divided b: this percentage, thus giving the 
corrected yield in column 7, which for '©. 17 would be 121.0 bushels 
instead of 110 bushel© per acre. 

These corrected yield©, while they cannot be expected to 
din -irate all difference© except those? due to the productive power 
of the variety, can with honesty be clai ed to be much nearer this 
true comparison than the original yields. There are many Who would 
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jlo. : kune : Actual « Average : Relative: fields : Corrected 
» of :and inter-:of actual:value of:octained :yield of 
of :variety:delated syield# of:aoll on rfrori v:.vr*»: variety 

; plant-:yields of : check : tent :ietiea ®n;*hxc , el- 
plat: ' ed. : check : plat a, : plat a at*: test : iminlates 
: :plate from: :show* by* plats, :soil vari 
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question the scientific accuracy of deliberately alturi-.ig definite 
figures, anti substituting therefor theoretical deductions of yields. 
*yt, the success of scientific e > rluent depends upon eliminating 
all known causes of variation except the one whic ! is to be tested. 
It r» believed that expert’ ant ere v*il3 be oo tvineed of the greater 
scientific accuracy of thia method as compared with accenting the 
ra stilts of f lei i "tests, without modification, a plan too often 
blindly f cl lowed for fear of deport inf from facts. 

?!o cj.uu'-'" of variation, such as damge to cro. bp insects 
or disease will cause any greater variation to such corrected yields 
than to tbu face value yields. Such influences really invalidate 
the ex.-.riront under eat >er condition, and the fact t "<at at best 
this Method ia an approximation, which ic cheerfully admitted, i© 
no argumen- ».t all for reject! g it, if it can be proved more accur¬ 
ate than tbf original yields an it, noons for ge ting correct ooapuri- 
aonc. 

In cane two eerie;.'’ are planted, a curve could bt worked 
out for each eeriea. But the yield of the check crop cun be reduc¬ 
ed to a cor- on standard, the curve Merely being extended to embrace 
the plats cf both series. Or each may be worked out separately and 
then the yields of one reduced to the terms of tv other by divid¬ 
ing the yield of each, variety on the second Be ice by the average 
yield of the check plats of that series and multiplying by the rates 
.1 the average yield of the check plats on the first 

series. 

It might be well to collect data in an effort to deter¬ 
mine the soil equivalent of permanent sample plate. The curve made 
in years when the plats are used for variety tests mb h record of 
the yielding powers of the respective plants may be supplemented in 
the following manner: In alternate year*' when sense crop is planted 
uniformly ever the series, ir rotation with the variety plats of 
the crop under tent, the plats nay be marked off and harvested sep¬ 
arately. Their yields platted in a curve will show t v e value of 
the different parts of thefteld for that year and crop. A^urve for 
each cf sever?.! •ears in which the yields of check plats^^e record¬ 
ed, and of other years In which the yield* of a crop similar On all 
plate were recorded, would thus give data us to the soil value of 
each, cheek and test plat in the aeries. 

Ufhort eufh records bsva been kept for a sufficient number 
of years, tv® soil value or a coefficient of production under dif¬ 
ferent conditions of rainfall and temperature of each plat in a 
variety test series right be so definitely determined as to warrant 
its direct interpolation into the yield for any year, without aver¬ 
aging data from one plat with data from another plat between which 
there is no relation exes; H gsogr iphic-al proximity, 

"Without such data, however, the yield curve and averages 
of calculated soil values afford an in eUately available othod 
for more nearly approximating the truth in testing varieties. 

1. H. Chapman, 
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There is art as well as scierco In the i*it r; r -tation of 

the perforr . ,-voc records lr» testing varieties. The first yaaP ,*T&y 

sho'w loiOlv of umlinos;;, of yield or other eh. .met-*r which shows the 

v&rieth not «..rt’ trying furf .? fwr it:- gorier. .1 efficiency . If it 

Is to be retained in the tents it must he rather with the hope that 

it tiay he -soful bee a .4® it has oc - > ,e ponitivc character which might 

*oa Litre hc-d V/ hybridising into varieties nulling that o’ :■ oter* 

Varieties nu'..„v/ v u-_*o nearly oliko in v c .h . ;;ivon loo .lit,; c.-.jh 

not be Cm] from <v test of a single ;■ ear, the Usual course 

.-hero of vari«Lis» have been aoeer-'.bled from a distance is to 

throw out few varieties which produce seed t**e first year. Often 

thu racorir* of the first year arc used only temporarily, to be die- 
*% 

oardei after the second and thirl, or the aeoo wl, third and fourth, 
years tre available on of yield, etc. 


Often otanv^rd varieties are re *t in the field plat teats for many 
year a, in p tv4.X* t* "f#O ;*P a record, of their continuity or variability 
In yields, iml partly that there n;;y be a group of standard varie¬ 
ties with ’;?hlch newly introduced or newly originated varieties may 
be cov .pared. IVutn new varieties have gained a place among the 
standard varieties by having ao excelled in yield and other points 
of excellence ! 'at they have been s .ccnartfully Introduced into con¬ 
fers ial us a they retain their place in the variety testa aa stand¬ 
ards of cc:r, - irlsun. 

Variety Lodger. Accounts . 

To m.£<@ the necoceary records ao that partly by narely 
ins -ecting the records and partly by actually casting up average 

figures ledger secords are necessary. Vest of these can be on loose 






T.3<r 

suecto, Mi 't v;h«re practically fcdeoy shou:d be stored for aoat of 
tde ,-. sar la u fireproof tom or vault. There are ra^ny reaso is for 
o .woai'v; t'io ordiaar„ letter shaet as t :o eiae of three 1 xigor 
itiozo u.:.L tabulate i fora» or. ,-fhicli to record the gen .'fV.l facto and 
figures of the groups of varieties. 






VAHim* zewe a *ce ousts. 

ledger accountc and sir -arias of yields, grades, ansly-es» 
etc,, are tabulated b; years. She blsnh forciS below illustrate 
some general a-unners of tabulation. These sheets with proper in¬ 
dices may be filed in a vertical filing system. Schemes for ledger 
sheets &uet be devised for ©any different conditions. The -ethods 
of displaying variety averages year by year used in the reports of 
Ontario Agricultural Colleges and by various other plant breeding 
establishments will serve as examples tc aid in devising systeae 
for temporary purposes, and for use year by yeor. These can be 
found by referring to the annual reports made by Professor favits 
of Guelph, Ontario, and others. 
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rOQEi C T E BIOT VAKXBTI1C FOR RIDTRIBUTIO'!, 


These living agencies, the varieties, which nay be stable 
in their oharactcriulicfc, cr ray Chang-.; during a tu rice of years, 
require that records be bept ©O' sccutivclj find on the sane general 
plan* Thus, coir.puriM\'ts > be : r,du chevf g v.hct'>..r a "Ivan 
‘ f caudilut«' ! fui- distribvtioj* *; >;y* 0 ’>cre ..8 gaining; or retrograding 
from yeta tv year as Ovjr.pareet v J.th the c-t«aidard or riiral varieties. 
In Fit;. is shown a plan for recording on yield. Q,ualit} of 
grain, bvlcieg quality, cr other character, can be recorded i; a 
s i uilar au .• i ner. 

V/hen a group of vegetables has been in variety test Plata 
for two or more years, a plan of «ur..f-ariulng yi'ilde, qualities, 
difee as c resietuace, and other characters, is neoesatry. This may 
bo accomplished by means of loose leaf ledger record© on Which arc 

recorded the various it eats as hardiness, yield, quality of product, 
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VARIETY IEDSF.R SHEET. 


Wheat Averages of Yields, 190?—1®?. 
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etc. The laig.r »U" '.Al'iul. of test- *..f tv group of varieties thus 


’become (.w r. i* 


tv. 


he titu'Xv of ** « rt-.n -rj 1 valve i.-r ever: to ft.rr- 


oro, ulsu = f values to jyjnt.factwreru cc sumrs, becor.cs r. prob¬ 
lem requ.-rhig a cu&bi: .at ion of ok ill an.ti equips >o\.i alo g various 
line a. Hth p ^rsietent effort* tabular ftri^nger.or ts cur.be devised 
which -ill greatly aid x. Aecld. upon the relt.+ "-r« r li.es i'tr 
aero of the re a .ectivo cw: r' lug varieties i;: a cc-npetj ■•£ Claes. 

I a sevre C.-u. Cu urea grs t Cart n‘i~uXd he exercised to • e- '> the 
li,rg. v?exg :t cj those •iUiilitiois waits*! s ( r v, .In© f or acre . At the 
008146 time* - t is 30 . .etiiiws 3 ncce . ..ary to temporarily give greater 
score card „...yht to c.,uv.«t-r« especially xn need of Ikutovw -ant. 
.-Sales for ... if tabular ledg c no** . ■.? .*** lca« a leattUl than 

active effort a to study out a so* nne for making prominent those 
a: .aractora which ,,o.st the part.* eulur case In bend. 

3 ach character is thus so recorded on a separate sheet as 
to oho.? olearlp the one eft .r ioter v. :f ;- c .n Tricon, Than on 
another ah ii t -c varieties arc in order of yicl.l, or 

o ther ax ; .reaoiOa of yea a rit or v-tlae per a era. Thus., .it is 
au;!it/'ti.fias practicable to reduce yialin, duality, diaouac renistance 
rtiid other loading character a to a a arc an tags basis, and then, after 
combining the percentages ’/i fi score card vreight factors, reduce 
the »eig it«d facto?-’.! to a aatplc factor or f ‘.gure for each variety, 
da a rule, hoy over, the breeder whose j-uig seat has been trained by 
la. H i contact uith ... giv-m grou; of varieties can effectively select 
via variety of greatest gonial value to growers bymsaembling the 
records of the various qualities in a tabular statement, and by 


inspection, together with sons averaging of annual figures, decide 
•..bich are among the beat. Only in rare cases is it necessary to 
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figure bo su, to give ..uL'.,nx„hic JL * eigkt# V- score v.dl point#; and 
t. a: trouble ~£ figuring ever. *f i '-.u nee- .• to be taken onlj- in c. u« .of 
£.e rv.-i.utiv el; i’e- must ncurl; co.^-atinL fur the J.onur of > ing 

'U.4* »J UJ*X 13 u> It Oh* * 

::ut ;."r_-.u JJ . n la . ,,ule a nectrsnary by lo ij c/; rie.c;, 

,-e;& aduiiiiati’ative officer" t.re uin*. to .wt aU-gu £ -i* long t nure for 
public servants to ./ vu is ielegaVcd the vorJc of brut .ling ona or 
wore t. ; >ooie » of o. r oooin- do pi -utn or .tnixal:., u „ -refloat .,s 
Uiey uv such vuat .ruu.l yrou.iC ’ ion. hylt kngj. .nor in '»••■* • eti >J 

.ae-ul.i content liiuoelf up. th bree idrig c nl; one or a fm> cl.*»*snn cf 
plants, t :iut «e may beoo. iC 4 ' dpfly trained 3 .‘*jui a.Ut 1 that li- 
yertuno wor’c aal be able to retain bin mpurvl.'iion >f combining 
obaructero l.i t •<.-.,t class of op ©ox iH into highly val- .able .»ut gr© ,t~ 
u- artistic products. The of br-w liny iy to r-yi&Xy .incr=-,a -e, 

because the profit ,3 to the public are proving 00 large> and. in the 
and each l.L of branding fill giva wonderful opportunities to the 

.■ ixg. ia 1 . t* uy. .ou 1 » 

7 w’- n ties b.io: have 'onon longest in for-: b.r .1 ’ny 
owitparal out: each, other .for a long *r nu.obnr of years than tony can 
;n v.;u'ie ■■. ion introduce'! it 4 litre date, Since *-saaoiB greatly 
modify the yields, quality, ate., t e varieties introduce-' rt >. i ni¬ 
ce .kite should be oem wired alt - fcho:,a , .*it reduced earlier only f >r 
fun-3 y#.v*a in ihisl ill unva been yrcum, that the coupprison way 
ho fair t • nil, Occasionally an accidental Iona of the record of 
pi ill or other quality of -t varioto for a year, uhioh often occurs 
in el.iu4.t0a subject to ye ,w of drouth. n03onn.it,,tea making a spe¬ 
cial lolg .r a'*net on pinich all varietin1 *r« left out for %'r it year, 
aa as to bettor compare the rul -,tiva values of that one variety. 
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.1 ZX -CvrAu ixd m s ■• «!’«>ift- 'rtv'cn tv ' : v.ric- 

tieo all of u■; it:i &rv rran •..■ •’-taiay u■,. i/ ; tu f j ’’-pi. li , X- 1 ' 1 ■■ • ! s , 

f <•; t of the jrain, a-> o'hvnn "by it;:- ahHiarunc 2 , or 

n; ..a cOi.ex -1„. i:navn gn j 4 - , - eluding weight per 

of ' ,, nolo, co U t ion of bran, e > . } «.hH.it*- to eh 

ri-,h .on .win* ee^ams; the yov ; y '•- r:nd-t rant, 

J f t,-Oik:i f J.OUT $ Uti J|Uf! .! 0’ ' t • '•* * -1 C • ‘ > ' t '' • < ’X • Or.;, •. 8 (iv . 

it. flavor, nU it- ,hxli.it;. to rise into a f: x Xorf, a,.ut mn the 
;;,.o, ,• hh ior. to loirlling yarnos^r a’cl U V. : ; ieth.cn » of -oting V a 
'■ . 0 . U ; vd. le:kVeo; ,jk- vV r yu -1 iioa, m-xi be thcen into cor.nidor- 
atio * in fbiri j jhdg-ont as to .hleh of r . . .rxas varieties has th® 
largo-'-t ah"' v..lue to the farm -*> filler, and ^nmnerg of the 

,'tatc» /nt . a,a., yuhi i tia f : r&mt lx ■ to . xl-loref for each of tf a dif- 
f h a,-lb .oh: climatic ft.JiS.Utione f< r the 'hole area for which 

f s .a variety in cts-oirad, 

Tear; r. .p ‘-imont i at on,: },;%<■'i- .rt farm a-* oonatiran 
In.a^t.xUo a; -menu!rata i 1 . variety testa at the iUrrieootc, *ix- 
ncriaont Station, and th • polio has V-erefore been a-c.f- . ' ■ -’ es~ 

■ 3 ' ' . ' ’ 1th in the State and 

xith fie It.r-s itatiom; .Lr rljui niog utxtao, Tie wider e.-operativ® 

•. Siting already in one aciot -Hh ® ring and vlnt r wheat, durum 
.•bout, con, diaofi/, etc., '.-• fi ether :roving this important fact. 

? i . cooperation and J t, iU;;ptcon ; f th.. bureau f 1*1 ant 
Industry of the Hall®-! States u it of Agriculture, of td.e 

finnssita, 'Urth Dakota, South Dakota, Iowa, and Wisconsin expert- 









tient et&tier.s in the '.uu\L c, ,ai 1 ere..t; of vuriebiun, lues ties ..mu- 
ehattu th 1 such vficse cm., u rvtlimt ..... in-th cu 1 . v .' .■ hie. 

1.0 i 'Oiif £i.-- VOi’iCU.Vw eisiif-d to lie , . p .aiv-MY; m 1 *■<- - C n a 
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at Govern* ent expense should not he confounded with free distribu- 
* ion. The United States Government and the States may properly co¬ 
operate in creating new varieties of plants and new breeds of ni- 
male without interf* ring with individual effort in producing pedi¬ 
greed seeds, plantn, and animals for sale. In fact, the valuable 
new varieties which the Government and the States import and Crete 
may be used effectively in aiding the pedigreed seed business to 
gain such a strong hold that it can supply to all growers the best 
improved varieties at moderate ;tnd equitable prices. The govern¬ 
ment and the States need t e closest coo oration fro;. growers of 
pedigreed seed and pure-bred nursery trees in the wide introduction 
of the man;/ new varieties they are introducing from abroad and cre¬ 
ating by breeding; just as they would need coo .-oration by breeders 
of pedigreed livestock if they aided in creating improved families 
or breeds of domestic animals. Our breeders of pedigreed livestock 
are a most useful class of business people in effecting improvements 
in animals, and growers of pedigreed seeds as well as seed merchants 
and nurserymen are becoming just as essential a Part of our busi¬ 
ness affairs. 

Free Distribution of .Plants in Iowa . 

An extensive experiment by the Iowa Agricultural College 
in the sale at ver low prices of recently imported Russian fruit, 
forest, .and ornamental trees, gave most valuable facts concerning 
the distribution of seeds and plants. By selling the e trees at 
lower prices than those charged for good trees by nurseries, the 
college lost the sympathy and support of many of the nurserymen, or 
growers of pedigreed trees, of the State. This early distribution, 
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before there existed an adequate number of public grounds on which 
new varieties cculd be tested, was in part tmt the new varieties 
might be given wide trial. hiturally most of the new things were 
not valuable in the regions to which they were sent. In fact, the 
main value now claimed for the experiment, as it relates to fru.ts, 
is that many of the varieties introduced, from northern Europe 
brought hardy blood valuable for Hybridizing with American varieties 
which are superior in yield and quality of fruit, though lacking in 
hardiness. The low prices, almost gifts, evidently relieved re¬ 
sponsibility from those conducting the distribution and led to t^e 
sale of many varieties before they had been tested. The sura of the 
results in varieties of hardy Russian fruits immediately valuable 
for the middle northwest, as introduced by the Iowa Agricultural . 

College in the earl; eighties, was somewhat disappointing from the 

superior 

standpoint of securing/new varieties of Improved fruit®. But the 
facts demonstrated as to methods of distributing s are .very 

valuable. In this case the following lessons were learned. (1) 
Varieties must not be distributed until rigid trials have been made 
under scientific direction. (2) Only varieties of staple crops 
which are better than those now in use should b® distributed, (d) 
The distribution of varieties which prove unsuccessful is wrong and 
unfair to growers. (4) Distributing varieties which do not suc¬ 
ceed ruin the reputation of the breeding and distributing agency. 

(o) Selling seeds and plants at prices below those which can be 
afforded by commercial growers of seeds and nurserymen and seed and 
plant merchants results in disturbances to business and irritation 
among the improvers of plants. 
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Professor Budd, undf-r whose charge the Iowa experiments 
with fruit introduction were conducted, »aw t • it t o north Suro .'ten 
fruits and plants thus placed in t>u. tun do of many nurserymen and 
farmers would hybridize with the Americ <.n varieties of good quality 
hut ware lacking in hardiness, and that a large number of hybrids 
between these two classes of vanetie would thus be produced that 
would be worth mmy times more th n the possible aggregate cost. 

And many hybrids are being produced by numerous public officials and 
by private plant breeders, already providing & large mass of hybrid 
stock from among which--parent plants will doubtless be found from 
which will be developed valuable clonal war;oties of apples, plum, 
pears, and even varieties of forest and ornamental trees and shrubs. 

The free distribution of pedigreed animals to farmers by 
hr. J*. J. Hill in new sections of Minnesota and North Dakota has 
demonstrated one very important fact applicable also to seeds. The 
pedigreed male animals thus distr>buted serve only for their own 
lifetime, and. on native and grade females. When they pass out of 
use there is only grade stock left. There is little continuity of 
upgrading by the repeated use of pura bred sires; and no pedigreed 
herds are estabile *ed. The continuity of upgrading to one ty ; >e, 
which alone can bring uniform .-aid av rage high excellence, is en¬ 
tirely wanting. The new owners of pedigreed aniiaals, having had no 
experience with pedigreed stock failed to appreciate them. Yer. 
few, indeed, were induced to establish, pedigreed herds, nd in a 
decade there wins nc general improvement discernible in the neighbor¬ 
hoods into which Mr, Hill so generously placed animals of splendid 
breeding. The farmers were not required to enter into cooperation 
to produce permanent improvements. 






fiensral ."'acta Conerning Reed and Plant Dlstr. . bution . 

The different classes of species present different pru1>~ 
lens in distributing newly introduced and pedigreed varieties to- 
all who need them. With acme species free distribution may he mod- 
e ratal; effective, though open to the weakness that no co ;:erelal 
interest is aroused to grow the seeds or plants for g<.In; mid no 
one has the incentive to make expenditure in advertising the new 
sort. And with mo3t varieties the distribution sto 3 with the few 
who oostia especially to know of the values of the new sort. The two 
Method® which have had wide and successful use Have been distribu¬ 
tion by sale to growers of pedigreed seeds and plants, and distri¬ 
bution through experiment associations, Th# Minnesota Experiment 
Station Has had large stuccoes with the method of selling field crop 
seeds to growers of pedigreed seeds, while the Ontario Agricultural 
College, the Wisconsin Experiment Btation and other experiment sta¬ 
tion.* have had most excellent results with distribution through 
expe 'it ; nt associations and corn breeders* associations. The Unit- 
el States Department of Agriculture and other establishments which 

introduce and breed plants find ways of distributing many valuable 

or 

trees and fruits by placing team free/on a share basis in the hands 
of nurserymen. 

1. Free distribution, or distribution at a price below value 
to those who ask, places the public diet rib* ting agency on i. false 
business basic, too often political rather than economic, and tends 
to demoralise legitimate enterprise in the teating, production and 
sale of pedigreed seeda and olants. 

2. Public aid, on the other hand, may be bo managed as both 
to produce better plants, an l to arrange superior business organise- 
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t tor. and *:e thuds for testing ml -aid’.Ip di strike ting pedigreed needs 
* id pi u:t-- and anin.tl. u> e a solan ’ id buaJ aecs ay* ter ■ i ■nil: -n 
t'.e hands of 1 rge 'body cf out nr ..ti g private c tiseno. 

3, Varieties s'-'UM be thoroughly tested .end all eliminated 
which ar- net vOuabl", diet ribs ting only those ir case of which 
t':Bfv io the most punitive evidence that they ..’ill be commercially 
more useful than tho Whic growers are using. 

4. Vi rietiea which prove v luable for a given locality should 
be so ' at reduced that to proof of fche.'r values, a* det mined in 
tests, will be used to induce people to adopt then rather than to 

P. y high prices for attract3 v«iy advertised inf ricr kinds. 

6. The mir»erymon and defers in pedigreed plants and seeds 
■as well as those who make ■ businem of i;rv \;ing pedigreed plants 

, 

introducing new varieties, rather than ignored* 

6. The universal excellence of varieties distributed; the 
ugr-. ■; fi't a:'.eng agencies interested ir reel!greed varieties; square 
dr ..ling ’ lt,h grot re to -/hom se at ar.d plant* are rcld; tne organic- 
at ion cf State .md of--ex* associations to test and promote t’--e de¬ 
velopment of bett i r seeds ant pi ate; and a gr*r.d litcrat. re on 
plant improvement are all necessary io Overcome the conservatism of 
growers so that they >111 purchase and grow only the best saods and 
plants; and never before v.rt the ag.h cits for plant improve .cut 
be. ing so we 11 organi z ed . 


Bbcpcriment Associations . 

The method of distribution of seeds through org;<nizalt on 
of farmer students of agriculture 1 school© and. otb • r farmer©, under 
ouch names an Experimental Associations, have proven to v, RVe suc¬ 
cessful elements of the greatest value. 
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\ gon-r.'.l pl.-*n if? for the fit.at? sxperi<«mt station to 
sup-ply sufficient send for «.* qc.-o 1 area, often a hand sised plot a 
rod square. or store, to each t o.-hor >ho care-- to try th t kind of 
seed. Bach acdbsr receives two or -our? variotie-s, ■ nd ">a is re¬ 
quested to plant besides these far ooadarlsod th* varieties co.viow 
1:; Ijroan on hU; farm. There is no doubt but that this plan Helps 
to quickly and widely distribute valuable varieties and in addition 
...ids in sustaining a strong «. rganlxa tlon cf far— *r* useful for 


other purpos■?c. It teaches the farrier the high value of variety 
testing and illustrates to him and hit neighbors the value of pedi¬ 
greed atads. It leads hi n to wake a careful test on a small plat 
with hand tent of several varieties, thus W.vlng him an insight 
into this highly important scientific work of the exp n ciwent station 
and the aee-1 firm. It- tends, too, to make of him a student and a 
loader of nils x nllcv,cy It connsolts him c -i nog * vx ta j. <Hv : with 
t e experiment station work, and he becomes nr advertiser and an 
advocate-of the i rr. rove’* seeds and plants. 

This plan recognises the buninass of growing purebred 
'seeds for sale. The weiabers of t esc associations increase those 
varieties v.hici prove best and soon begin the sale of pedigreed 
seeds at remunerative prices. . It provides a aplendj for 

the wide trial of the new variety, and is doing much to introduce 
new varic ties and to interest growers generally in purebred seeds* 
Wien organised on a sufficiently large scale, as in Ontario and in 
Wisconsin,it serves to tale the sects of an improved variety to 
nearly all pacple■netting them. It reaches even the unenterprising, 
because the grower of pedigreed seeds has gwod profit;-, rt stake in 


in lacing his neighbor to purchase se.tr, at m advance over elevator 

prices. 
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The -s nu?- 


ro-t ue3cabca «i ®v.?To-*i-«:it. of this ,ot’ od in in 
Ontario, TTv: 0-tario Aericuilur Co?le * * V.n nearly 5,000 f.vrvrR 
in its acp*^.:^nt a Union, rev van?• ty, s: of •• • ■.-1, b ’"vy, 

oats or rye, ’’■« for five ye.ors p urry-n bent on ih. oxycri wnt fwru 
It ‘a dirtt.rilw’tvx? to saattboiv >f the Union. Unu&llj t'.* fan'.nr 

i 

plants hi- : own v« >rl etj '--nd t ••*.• ou.*p3 U> t b, the e..porirent et&tion. 
’■tuff 1 r tent sr.-dr .re supplied ti , 1 mt a s,«ar« rod, th<*t zvl t'-a 
wo j*k nay bn carefully -lone b; hand. h >on the f ansur has tri nd ne . 
v . ■* ’f. thr i ; i *j ' n -io*’ $ h.l <h taPl* 4 y .1 -Id ■ e no h 

par acre -,ni ho neon has suf hie lent of that variety to sow a 


•If*"? hf 


mx 


i«. b« ,!■’• tc sell r.’-nrls to bin noin''hors. The records of 


,rfor iyen t t' < ne 1 varieti* ., as t vbulated in t* a bulletins of 
the <*Mfe•'ir.ent station *nd ^'bst;.-ntl..tod by the nuny eacporinents by 
mnnbons of t Union thro /■•''.out t’-r orov:.. ce, give the 'st; vrh.~ 
i‘.nn oh .- r putatiou f< r Increases : i the v .hue of crop a that the 
growers of the as vis can conn stt fifty percent nil upward for the 
no-. V? th jj they would tie- offered for then on the grain arket; ;ml 
this larger price is eufficient to i luce th.- . enbnrs of tin hr < *i- 
nental Union to grow, pros are for sal®, <d£ sail seeds In large 

ii'.ntl A y, 

This plan has been especially developed with the cereal 
crops ant varieties thus sent oat by the college cover noat of the 
acreage devoted to in. cereal crops in Ontario. Careful ssti.nntea 
indicate that at an annual cost of about All,000, fy -.-■ crops of the 
province are increased by $12,000,--00, one -dollar earning s thous- 
,nd dollars. It is a raoot r-unrhable fact that Professor Zavlts 
has until recent!" depended upon introducing superior varieties and 
in the tiaprovemnt of than® only by hand selection of the choicest 






90 *As from th# bent, v>i.,tn. \h.fc aroportion of the. re • .‘rov¬ 

ed yields of th© varieties distributed is due to the introduction 
of superior varieties and what proportion to ira pr ov am©nt• by this 
hand selection in the seed laboratory of the choicest seeds is a 
question in dispute. It seems fair to assume that the largest in¬ 
crease in yields has cone through the introduction of such varie¬ 
ties as Handacheuri barley, which fro*;: the first was clearly a 
better yielder than its near relatively Mandahury. The latter was 
introduced earlier in this country by Bean W. A. Henry of the Wis¬ 
consin l&coeriuent Station, the former by Professor Zavits directly 
from Russia. It seems probable that each of these, decades ape, 
originated fro- a single mother plant; and as in other self-pollin¬ 
ated varieties thus originated, that selection does not make ro.pid 
changes. As the pound sample of ? r andacbei*ri barley imported by 
Professor Eavita has spread over the province «f Ontario and 
throughout a number of American States, so the ; sound samples sent 
by the experiment station to the members of.the Experimental Onion 
spread to'- 1 'the neighborhood. It is believed that-the nursery breed¬ 
ing which Profaacor Zavlts has added in recent years, and which is 
now resulting in new pedigreed varieties, will result in much more 
rapid improvement than th it secured b- hand selection of seeds. 
Theoretical experiments by th© Nebraska Experiment Station and, el se¬ 
ed era indicate that the improvement by hand selection of seeds in a 
self-pollinated variety originated fr«m a single mother plant is 
very alight. Professor Zavits*# results, however, ere so marked 
that toe question should be kept open. Pacts not yet known nay 
give the '.-ii©ation a very different aspect, That it nays to continue 
introducing varieties as well as improving old ones and creating 






-irf 

M£- 

nm ones in illustrated by nth e fact th**t Professor Zavitx has found 
on® of the new erring wnsets "bred by the Minnesota Station, Minn. 
Mo. 163. the heaviest fielding &raon** those triad d ring the oast 
several ye nr a. Evidently mch St its. station should comprehensively 
labor through introducing cereal oro ->s, variety testing, selecting 
bast heads and hast seeds; choosing beet mother plants from. su--«ri~ 
or varieties md testing the breeding sowers of each; ma&intr cross¬ 
es and hybrid stool's fro* -«riong then securing the best Plants 
and test!eg their breeding powers; end .after testing distribute 
■*t'M r so* n effective plans which will bring the nnroved varieties 
to nearly ell farms needing them. 
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?' * Ccn&el id t.*d Hi n 1 f choc 2 ,-rd tor; died 
B3Epert»«nt Stations as .eel and &lant Distributing Agencies, 

It r-av toe, Sf ?•* should hav« a large agricultural high 
school and a branch experiment station In each groupnof ten counties 
and •■ r. stem uf twenty consol dated rnr 0 schools with nrs.-.ll school 
furf.-.e in, each county on the average, that they could, serve to aid 
In rapidly introducing valuable new varieties of seeds and plants, 
light or ten agricultural high schools and branch stations in toflnne- 
seta, nnd 1500 consolidated rural schools, each with a brief agri¬ 
cultural high school course would neon produce a body of tens of 
then sands of students and graduates who would toe able to cooperate 
with the State -aid, branch experiment stations in a way to serve the 
entire State. A bod: of chosen raen, long experienced in growing 
l Ci&rkotlng ne&igreed seeds would kee 
growing the best available new creations of the plant breeder*s art. 
The responsibility awakened by the desire to secure wunerior prices 
for t>’« best seeds that can be grown, keeps the experienced grower 
cf pedigreed plants and needs, who has many sharp competitors, up 
to doing his best as a grower and to widely advertising his plants 
tnd seeds to all who should secure them. 

Cooperative Deed Breeding and Distribution. 

The rapid development of improved varieties of field, or- 
c mrd, garden and foresi crops necessitates a greatly enlarged pedi¬ 
greed seed and plant business, The United 'States and State govern¬ 
ments ©an With great profit to all the people greatly extend their 
aid not only to the breeding and testing of ne;? varieties tout also 
to introducing them. There ie need of a greatly enlarged class of 
experienced growers of pure bred seeds and plants, and of enlarged 


nursery and seed reref .-»ndt si tv? busyness; said growera should gladly 
pay reasonable prices far pedigreed yp.rietiec. whip-" will increase 


the yields of their fields, orchard a and gardens„ 

The e»fcf tial fe&turef; of the yl*n in use at the Minne¬ 
sota Experiment rotation. Kay ho stated an follows: 

1. Varieties of field crops newly introduced or produced by 
brat ling are thoroughly tested at the central e:c»e riruent station, at 


crunch stations 


e, fW| . 

| tlMf-iMSis Jf : 


at ouch stations in adjoining State® as ray 
care to coo crate, that no varieties n^'? be distributed exceot 


those certain of proving of value to growers. The entire stock of 
i,ew vc.ri eti«« .’a hoot under control until there in sufficient seed 
to riant a 'oc 11" acreage, say « thousand acres or ho re of a lead¬ 
ing field crcn, so that the distribution way be carried out with 
santem and under a, business plan which will put part of the resu¬ 
lt ar value of the new seeds behind the widest possible cosnerciai 
distribution* 


2, ? ? en to whoa the new varieties arc offered for sale are 
. ell distributed thro ;gho ;t the unction needing the new variety and 
are chosen with care; (a) as to their general stand ng and experi¬ 
ence in growing seeds of good quality of the crop in question; (b) 


as to their having suitable land free from weeds peculiarly noxious 
to the given crop; '(c) as to their having buildings and machinery 
suitable to handling pure-bred seeds. 


3, Th® seeds are then offered them under terns which are 


practical for a grower desiring to produce purebred seeds for sale. 

(a) They are offered at about double the prices of commercial grain 
at 

or seed, or/a n high prices as the growers of ourebred seeds thus 
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dhoti n % • open conyset.it ion Uth each th * will pay for theta. (b) 
Sufficient >io-ut I -«» .• ,ob t-- aa':e rial-: of tw to C;c 

wm*#*. -f '■ '*■ f v?.l pr iinr,, 1 'f fiv • to fifteen \c,cas of com, a© 
t' at 'raot-iruO. 11 • «:* r.*.«2ds /• * lw arvi aep«r.-tel' v .-rveoted. 

*«u v»t* t;. oolft to each, up f* « of wheat, fl=Jt or oats, 

o two bv.»Vv»in • f corn, !a Unit el. (e) Those prices erpph&si 




.neats the grow; ,'s of 


the hftjo-i l -f; Y-j.lue 1 ;i the nr. vrriotj.es and educate t' 
j. MJgre 1 mr*de to the pl-*n of us in#; hirh r price* to help cU ni..*i* 

. rii ■ : / ■ : 


f .tw oa* of the Pedigreed seal bus * ness. 

4. tvs a i *-cci.?.tioi .of pro" rra of pedigreed seeds has been 
formed, c :ile l the *Un -nnota Pi eld drop Br^el? r*» Association, and 
t!• oa* who thus purchase «• eda -oil ont> r .nto cooperation with the 
public institutions are nr-»oi tc become active raanberr*, Graduates 
of n??icultural schools •fio are pro.: only situated, arc or. .oci..;; 1 - 
ur~ed to Join and enter upon the buiuneas of growing pedigreed seeds 

5. Thus the United Dtatec Department of Agriculture, the 
Otate Itcisrlwcnt station, the Sta* e ’ranch ifeep irimont Stations, a 
ntut« Blaut Breeder*a As«oelation, ami nuri .cool men chosen for ex¬ 
pert seed growing are brought into gen ?al cooperation in the dis¬ 
tribution of now varieties of field crops Which the United States 
Department of Agriculture and the State Experiment Station coo- >«sr- 

ng ,n! t in creating. The State Ssrueri* ->n 

grown a sufficient quantity of the thoroughly tested variety to 
Blip Ply such, a l%rg nn* b ;r of growers of purebred se dr- that th re 
can be no monopoly, and yr rices may he sufficiently high to 

give the necessary profits to insure the production and sale of 
very large quantities so that all farm re can and will secure them. 
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?*" t e pw*'- <:* • ' ' Iron :. t n<r ’ varieties in 

milt; f , tenaral •, f , - j «>*.*-', * , f m r«» r«d also t‘ ■ rou gh seed 
ler-s, _.m a f • of roc*. 1 1 *."*t go" r.„l mowlodisc throughout 

fcM "V ' * V > n * ' •* « 

6. This pl> v - o:f celling ec'Uifiea rinses at nubatantiul s-vica* 

places the public officers v.»i• .■ .'.’.re i»v ck/.r.ja urdsr ino very proper 
roBW-i? Ibilit,' of r. .tin.. such 1 1 ioren*Jh torts thet only v lunbla 
kind*? a l'?.. "he serf out, rant* I' :' nr i• t, 'lov-.r '-en l csriilftcet-m*. no nc~ 
ert.'diti?.; r the v vricitiofi grtmera v<ill he arte u’.ed fro?" their 

1st) arfg of being 8&ti.c-fied to »jym, ,»>f rior varieties of < 2 ror;n» 

T 4 * tf-rect of > t r; 1 of pe.fj &recd *• of has trover r.iif'fi sinr J to 
utl • 

rvo ‘ irtg and r.c rc an&ising in »;< digreed rnndr.. 

7. Placing the price father high by vsn ©xreri: tent station 
for & valuable nest v .rloty In eventually <oi artViJitare to th« groner 
of podigr«..oo seed* «ho la chosen by the station h« a ceo_.era.tor, 
tn-oaur r it eetablla. .op higher pricoo for the econo he wifi raise 
for sale. 

8. < T lnn« Fo, 169 hheat. sole at $1. 50 wae thee ke*-t out of 
the a!ev&tore and for a fev- ; ear*: was in extern)'vo demand for seed 
«jt tl.CO tv.- .••■1.50 »-er brnkel or r;•’. to 100 percent above elevator 
r.o.r'k «t. prices, thus eauetng it» very rapid distribution,. carrying 
it e added value of two dollars per acre already to millions? of 
acres anmmlly . 

9. The price b for holding seed grain of a pedigreed variety 
over v -inter, for extra cleaning, for advertising in the agricultural 
end countr;- press, for extra ears in helping tie Xrnd free of reeds 


and in good condition to raise tfhert of cuy&rlor quality t and for 
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2.6 / 

Certi fication of P edigreed Seeds . ’ 

Bxptt "lments have been conducted wit-5 the use of certifi¬ 
cates of lineage an’ yielding ability in cro ?#, as lineage and per¬ 
formance pedigree# are widely used in animal breed! g. In case of 
varieties like Minn, Ho, 169 wheat, where no distinguishing quality 
risible to the eye has been brad in along with the increased yield, 
thepe certificates are especially needed to preserve t e historical 
identity of new ran© tie a na.de from old varieties. A system of 
certification help# to prevent the substitution of the cor-,,-oner 
parent variety from the new and more valuable variety. 

Certificate# mads on fores# like that in the blank given 
in fable 1?, arc sent out to the non chosen as growers of a given 
new variety when the seeds sold them are delivered, These men are 
called cooperators^ and the sending out of these certificates is 
limited to those securing the seeds directly frors the Ixuerinent 
Station, Cooperators may be supplied with “certificates to second 
growers** upon a written request accompanied by a statement of sales, 
giving name# to whom sold and quantities already sold, as in fable 
19. The certificates are given for only two .ears followicy the 

* 

first distribution to those to whom seeds were sold by the experi¬ 
ment station, and are never :ade out by the station until notified 
by the ©Generator that a sale has actually been ade accompanied by 
the facts to whom sold, the date and the amount sold, For this pur¬ 
pose a form containing both blanks may be used, the station offici¬ 
als filling in all the data except the date aid name of the cooper¬ 
ator certifying to his patron, the second grower, at the bottom of 
the lower form imrked V*. These tori:;a are never supplied blank to 

«Hi *#» «*% «** ■ ■* -«• *** «■* ** . x* ** "* 

a See the Ontario and Wisconsin plan, also the Ohio plan under 
corn. 









Fig»4^» Ceeft Order Book. Tit 4 carbon sheet* 1 t i.. . 2 i~ 
»le pencil *a&h€» three eri#eift. One ab retained *n the buok, one 1» 
r- 12 c : to i'rri t nr eft oner tr-3 c-ne ret;: with tr o or to t-.c ?,r&nr* 
port&iion company. 
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Minn. Mo. 163 

(jtfei ; Strain) 


: if. 7 


< -.:■ . V I -if ' • $? > fciia * O' a * Ci * a V s a <W‘. tw* *'>0 a w a a'. O' * 4 


Urines* 


(standard Variety) sal.6:24.6:20.4:23.3:26.9:30.6:17.6:21.7:26.2 








-able III. Mo. 16V 1'ieat ca 'arcc v.tu 


iriol 


^hrou* r h TCi chr?* 


Xg ! 


•ialo at University 'Parn. 


Year 


:*95 ;*»6 : 1 97 :*9B :»99 :»00 :*Ol :*02 ;Ave, 


.linn. .'a, 1 >.. 

(new Variety) 

flinru So, 51 

*T>--. ■>-*- * -,4 5 ,, \ 

V * %*■**• : ■■ •* o*a. -2i> v v ; j 


: 3 ?. 8 : 25 . 0 : 24 . 3 : 26 . 3 : 28 , 8 : 30 . 9 : 22 . 9 : 25 . 4 : 27.4 
. • * * * * « * * 

> • • « • # * <* »' 

► * * * * •**« 

» * » m * * # * * 

:11.6:24.6:2 J .4:25.5:25.0;50.5:17.C;21,7:23. 2 


Thv'iic /aria tiea 


;a: 


t f* f4, ^ 


their -lour and broad 


making qualities with the assistance of Mr. C, A. Foster, of the 

iw -^1 : . 2 o.t 6 'll ling OejnjpaiK'i Min-flsupol'.a, "inn. Hocent tests 13 d# 

by Prof, iarry Snyder .also ahow this to be a very good quality of 
Blue .."tc..: ■ aflat. It "t^fs . •..». < Par. as good billing nd ’0 mg 

qualities as its parent, a hard Blue Item wheat". 
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17. Blank )\5W of Certificate to co<>-- erato^r. 


Minnesota ibcperi merit station. 


? un? y j> 2 2 i ,15 ;s s £ £ r £ i ? 

H I K M. M 0. 169 W K E A T. 


C A T B 


t On , 190 , the "ilnnosota Bxperinsnt station 

( ’ 

( sold under aead order Bo. , to , of yards- 

{ - — ‘ 

{ ty originated by the Minnesota Jbcperhasat Ctatiun, and do- 

f 

\ 

( scribed in Minn. Class Bulletin Mo. 14. 

( 

( at. Anthony Marie, Minn, 

( 

{ . ___i c J0_. 


of f ' llTor* o’- t tKTs 

Ulanx foru for cooporators snow a m 

A, fable _. 


¥Qrm — Subjoined Blank b'om for Certificate to Beeond Orowers 
as shown in fable _. 


On ___ ___291. , I told, __ __ bushels of seed, 

seed order Ho. , raised from the need described "fcbore, 

to _ _________ .. ._., of ______ _____ 

_______________ ___ Mi m. 

_ , 


Hooperatof. 


Fote: The manner of filling cot the "blank form in Table 
with the blank farm in Table _____ attached, to be supplied by co- 
operatore to second grower# is shown in i, and B. 











ffom 


Certificate as billed out an. Signed 


'linnasaoa 3b >sri scrst '-t- .ti *:«••.. 


¥ 2. tE l£S EE EEEElElE&iLE- 

m i h g. EE* ME E E E E 2.- 

) I ;• ,-K : , .1 Vid, the Ik-arLieot Station ;?ola 

under order l!o. 431 ; t o 'a ol • : 1 - r • • 1 r d of It . Clou d, 

rinnaaotn, £ buahela of Jin snaota 169 uhevt, variety orig¬ 
inated b< She firms aotu Hsjerinent Station, and dsncr .bud 
•inier -;io naan "linn. "Jo. 13-1" is -Unn. 3ulloiin do. 14. 


St.Anthony Parle, inn. 

T jurvary ‘, H0>, 


('rigued) 


f. *T 


an !, 

~v— ’ 


Agriculturist. 


CSl-tTXr-iCA-I^. riBlO D GBOa-UAS 

gao.. gkni? COOkBliATOKh 

( ---arch 12. 1904 . I sold 10 bushels of seed, seed order 

( Ho.__ raised fron the seed described above, to John Los;bart 

( 2L Staples . Jinn . 

( 

( 

{ 3t.Cloud, Jin n. 

( Uaroh~T4ri9C4 . 


feed”Cooperator. 


note: Jbe italic type shows the parts written in by the Sta¬ 
tion officials i the black faced type SuO<v:- the parte v«ri t. «& in 
the cooperator. Bach ooooeraior j.s ejected to keep & serial num¬ 
ber of his sales, that each invoice of aeedr *©ld can be trace-;. 
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aa 
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proportion no the station '....-it.;: w' wearer. their confidence-,, 

'h th '■•..■• t . - t •/'• :/ - ' -'c 

iride oo .t i ; in t./m n i-ionn ••*'••• ? ylrl • frw! ran why torts, 

-nality f ro:; laboratory to; to, We., c / in ".'of .•?h.lch ’'A'/ t»-i ffwly 
euypli- to c* e "...norn So- u, , hih tV/ir n-nt;nrin f nn"V<n: ihr (.■ J.g,- 
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( "■ Bi lleti:' co : f f- it if • Ir/) 
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f ■■ ; . va firto be be/te/* yieli/rr ;|y the na v ' locality Lb it 
-rvfo first ■ .> try 't/’t eitoy 1 i a snail v.- f/. thr-flf.; " t of. of 
y <1 -<■ ■ fuced on o-Mi* •/* field: •. f lb? wae fan. arc : io be 

gr.f '■*■■■:'., l« Li.n _• they are of the beet variety. ’Me:'. u-Mere*m~ 

' cl.M.Mio con'll hi one or other unf.:.vornbI< conditions have c-iised 
LL f -;e <l« h bo ve.r " oar, at* or lucbirg in v ability, 

MartM s £ oft, ’/ neoorsary, and 't/'/i. the variet; ir. une is net 
Me bus* , * • - ■. to < V, r ,o • th ber.! ' li -M,e.na*-le, The 

of ; 5 ' e .to 

i.Mi narf of the crc;„ . Iff to n«: i.. c er/Ller i hi < ; r-u uts *o 

increase ; for fuhnx ;• . to or -uri '.ont station a -cl ;. 4 ’ .tr br-. <l~ 
4 ; ; - v ri of - testing «'.ports f c so »••!• ■ . 
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faxd.u3 j.* Q.&f filtu l«li; i'.-Va. a 

xarge xiua.be r of the State experiment stations* and frou the Uaited 
abatea D«i A r ;ant wf Agricuitutiu aa t uaoo i »s -ijuu ai..a m 
their *©r.. of plant ores*.ting and hi* test* ?g o£ vuris v.usi t xoy 
will -lave still he tar informtion to / ive in bulletins riu in ans¬ 
wer to written inquiries* 

oOu ; .oration by daxfnibora . 

In aorta cases neig 10 ore can cuo.ier*'*e, o j /hi .& 


a start in seeds of a given Jcl-iid aid bh.trxsig the j> rod act at a pries 
agre^:. upon nip. this others. it xs far bat ter that priceu, bV-rn 
uflcts.' the. s cc- . .'x« c -3 v! a s-.igrxtu fte-i’X StSiu, usx--.ii; 

titty to one awndred percent acuta ...;aricet prices f^r uu • ..■ on grain 
c* .. srciil product. fne larger profi . . 

tas grower the re 4pu :^.iuiU ty *« .isliver w,»as ~xo;*; i of wt. *1.. aiw 

f VVl Jf i.- *• 1' ■<*»■ V ' x ’« "id Jw w 

the variety on a basis Btig i < x Luatioii »v ui .. *<xa § * uc x*. %■ 

given t:x ere-:.it due. fcnu.fi. Ihcse *ho pure .*ie ot xus »v-a f* • >- 

neighbor hr*ve aft 1 interest in selling ?:;bo ? u.h, Bwt <1 wj »r 

■*un.e but in the no: e county, and wholesale lots to the cx:. c.rci :1 

seed merchandising houses, the price should, be xseyt -n a ; ed.igrtc i 

seed basis until the variety is very gene rally on the f.x«.>- of 1 ' use 

than 

*hc uxll r. ore profits fro;., the re- vuriefcy/fros: tee eld # 

-s iht. aavice of »Ox « of ■ ■ ■• ieu: ittg i -i'n • t* lee* kxx- n:- 

ana see.:: dealers is useful, tail especial!;, valuable is tax typu- 

eace of nei: blurs who have varieties v.it'n unich they nave ;-e cured 

/ 

large crops under conditio ,u uisiiiar to tnose ior wait si tut 
variety is aesireh. Bacn fxudrer i.out aof:. foli. avaxi-iblt* x.::icr u** 

tlon in mixing a change ( and brt; ,-ly choose that variety of mhieh 








